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NO TIC E 

This report  was prepared  as an  account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person  acting on behalf 
of NASA: 

A. ) Makes any warranty o r  representation, expressed o r  im- 
plied, with respect  to the accuracy,  completeness,  o r  
usefulness of the information contained in this report ,  o r  
that the use of any information, apparatus ,  method, o r  
process  disclosed in this repor t  may not infringe private- 
ly  owned rights;  o r  

B. ) Assumes any l iabil i t ies with respec t  to the use  of, o r  fo r  
damages resulting f rom the use  of any information, ap-  
paratus, method o r  process  disclosed i n  this report .  

As  used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, o r  employee of such contractor ,  
to the extent that such employee o r  contractor  of NASA, o r  e m -  
ployee of such contractor  prepares ,  disseminates ,  o r  provides 
access  to, any information pursuant to his  employment o r  contract  
with NASA, or his  employment with such contractor .  

I 

I 

' I  

Requests for  copies of this repor t  should be r e f e r r e d  to  

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D. C. 20546 
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LOW TEMPERATURE BATTERY 

by 

George M. Armstrong 

A B S T R A C T  

The system, Mg/KSCN-NH,/HgSO,: S, has  been studied i n  both pr i smat ic  and 
bobbin type cel ls  for  the purpose of achieving 7 2  hour operation over a tem- 
perature range of t20" to -90" C. A discharge cycle of 0 . 3  wat ts  for  54 min- 
utes and 1. 5 watts for  6 minutes is required for  each hour. 

This 7 2  hour goal has  been exceeded at -90°C in  both cell configurations with 
HgSO,: S: C and with S: C cathodes. 
performed well at -63°C. In the bobbin s t ructure ,  both types of cathodes 
exhibited the capability of satisfactory performance throughout a temperature  
range of -40" to -90°C. 
super ior  to the one having only sulfur and carbon. 

A pr ismat ic  cell  with a S: C cathode also 

However, the formulation containing HgSO, was much 

The design of a self-contained cell in full hardware was approved. 
cell  was  built and tested.  

Such a 
Its performance at -73°C was satisfactory.  
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SUMMARY 

The purpose of this program is to develop a self-contained, low temperature  
cell ,  excluding activator,  based upon the battery system Mg/KSCN-NH3/HgS04: S. 
It shall have the capability of operating for  a t  l eas t  7 2  hours with an alternating 
hourly discharge cycle of 0.  3 watts fo r  54 minutes and 1. 5 watts for  6 minutes.  
The des i red  discharge temperature  range is  +2OoC to -90°C. 
investigation of the system was car r ied  out initially at -90°C in conventional 
pr i smat ic  cells,  followed by the construction and testing of special  cel ls  to a id  
in the transit ion f rom pr i smat ic  to bobbin s t ruc tures .  
development of a pract ical  bobbin configuration in which the performance of the 
system could be studied and perfected. 
achieved, full hardware was  designed and evaluated. 

An extensive 

The next s tep was the 

After satisfactory operation has  been 

P r i sma t i c  Cell Experiments 

Separation: 
inches / layer ) .  
ted by a cell  that r an  for 93 hours a t  -90°C to 1. 3 volts. 

NO. M-1365 Webril paper was  used i n  multiple l aye r s  (0 .004  
Five l aye r s  (0 .  0 2 0 " )  were  found to be sufficient, as  demonstra- 

Electrolyte Studies: 
is a sat isfactory electrolyte for  use a t  -90°C and 'has  been adopted fo r  use  
over  the ent i re  tempera ture  range. 

Thirty-four (34) weight percent KSCN in  liquid ammonia 

A number of sa l t s  were  examined for solubility and freezing charac te r i s t ics  
in  liquid ammonia a t  -87 "C.  
and hexafluorophosphates may  warrant  fur ther  studies.  

Sodium and lithium perchlorates ,  f luoroborates 

Cathode Collector Grid Materials:  
f o r  use  at -9O"C, but the plating was corroded severely at temperatures  of 
- 6 3 "  and -40". 
f o r  u se  in this type of cell,  especially at the higher temperatures .  

Silver-plated copper Exmet  is sat isfactory 

Gold-plated copper Exmet o r  aluminum Exmet  is recommended 

Cathode Composition: 
HgSO4, sulfur, graphite, acetylene black and paper pulp, were  tested in pr i s -  
matic cells. 
appeared  to be that containing 70 percent sulfur and 30 percent graphite.  

Numerous combinations of components, including 

The bes t  compostion on the average for  discharge at -90°C 
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Cathode Pla te  Thickness: 
5/8 of an inch with the res i s t ive  load prorated accordingly. 

The thickness of the cathodes ranged f rom 1/16 to 
A thickness of 

1/8 inch produced the bes t  resul ts .  

Transit ion from Prismatic to Bobbin Cell Structures:  Since the geometry of 
a bobbin s t ructure  usually involves single- sided discharge and possibly g rea t e r  
cathode depths, a variety of special designs were  studied, including among 
o thers  : 

1. Single-sided discharge employing only one working anode and 
cathode thicknesses of 1/8 and 1 /4  inches.  

2. Multiple anodes and separately loaded cathodes with all anodes 
stacked on one side and all cathodes on the other,  r a the r  than 
in the conventional a l ternate  method of stacking. 

3 .  Cells containing re ference  electrodes,  and 

4.  A single cathode with a separately-loaded anode on each s ide.  

A l a rge  mass of informative data was collected which indicated among other  
things, that the cell performance was l imited by anode polarization. 
cells with tr iple cathodes, fa i lure  was not due to the multiplicity of cathodes, 
but ra ther  to anode cur ren t  density. 

In the 

Resistance and capacitance measurements  w e r e  made  on numerous cells.  
Three observations were  made: 

1. The origin of the capacitance values obtained appeared to be 
concentrated in  the anode. 

2. The addition of HgSO, to the cathode seemed to reduce the 
anode polarizing film substantially. 

3.  Capacitance values decrease  markedly  nea r  end of cell l ife.  

Bobbin Cell Design, Construction and Test ing 

Pre l iminary  Designs f o r  Task I: 
adopted fo r  the bobbin cell  experiments  compr ised  a central  s ta r - shaped  anode 

The cell configuration that was  evolved and 
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with ten longitudinal fins and a cylindrical cathode located between the 
sepera tor  and a conductive case.  
electrolyte r e se rvo i r  . 

The space between the fins se rved  as a n  

Electrolyte Studies at -90°C :  
cel ls  gave the longest life, but i t s  use was discontinued in favor of 34 weight 
percent  KSCN i n  liquid ammonia when the attempts to synthesize i t  were  unsuc- 
ces  sful. 

The use of "spent" electrolyte f r o m  discharged 

Cathode Compositions: No. 1. In the absence of HgS04, the longest life at 
- 9 0 ° C  (68 hours  to 1. 5 volts, 76 hours to 1. 3 volts)  was obtained f rom a mixture  
of 50 percent  sulfur, 40 percent  graphite and 10 percent  acetylene black. 
No. 2. 
excellent resul ts ,  a s  follows: 

The addition of about 10 percent of HgS04 to the above mixture  yielded 

Discharge 
Temp. " C  

-90 
-6 3 
-40 

Hours to:hk 
1 . 5 v  1. 3 v  - -  
97 1 1 0  

158 176 
97 127  

::: Unde r he avy 1 oad . 

Task I-B: Specifications f o r  the construction and testing of the five ammonia 
cel ls  m o s t  likely to operate a t  -90°C fo r  7 2  hours  were  prepared  and approved. 
The design was similar to that used in the preceeding experimental  work, and 
the formulation was that shown in No. 1, above since No. 2 had not yet been 
developed. 
achieved. 

Upon discharge,  an average life of 64  hours to 1. 3 volts was 

Task II, Design: A self-contained ammonia cell  i n  full hardware,  excluding 
ac t iva to r ,  was designed to mee t  the specifications of Task II-A for  the purpose 
of building a number of such cel ls  for tes t  o r  delivery to NASA. The system, 
Mg/KSCN-NH,/HgS04:S, including the design drawings and the cathode formu- 
lation (formulation No. Z), was proposed and approved. 

Task III, Test  and Redesign: Based upon the approved design of Task IT, 
mockup ce l l s  were  constructed and then evaluated by discharge at -73°C. 
average  life was  84 hours  to 1. 5 volts and 99 hours  to 1. 3 volts.  

The 
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1. INTRODUCTION 

I 

The purpose of this program i s  to develop a low temperature  cell with the 
capability of delivering 1. 5 watts for  s ix  minutes and 0 .  3 watts for  fifty- 
four minutes each hour for a minimum of 72 hours .  

Task I, "Minus 90°C Study and Test, I '  was initiated in the f i r s t  qua r t e r .  
The object of this phase of the work w a s  a study and experimental investi-  
gation of methods of extending ammonia cell  operation at -90°C f rom the 
one day previously achieved::: to the goal of 7 2  hours .  
quar te r ,  the scope was l imited to Method 1, the development of pasted-plate 
cathodes for  use in the system, Mg/KSCN:NH,/HgSO,:S:C. 
of the f i r s t  three months, considerable p rogres s  had been made. 
fifty cells tested, eight HgS0,:S:C cells had performed a t  -90°C under cyclic 
loading to the 1. 3 volt cut-off for  periods ranging f rom 71 to 117 hours,  while 
four  S:C cel ls  r an  under the same conditions f rom 71 to 113 hours.  Task I 
was completed during this reporting period by the following plan of attack: 

During the first 

As of the close 
Of the 

1. Development of pr i smat ic  cel ls  in order  to establish the bes t  
conditions for  long life. 

2. Construction and testing of a group of pr i smat ic  r e sea rch  cel ls  
of special  design to aid in the transit ion to bobbin-type s t ruc tures .  
Since the la t te r  a r e  usually discharged f rom only one side of each 
electrode, a number of cells were  designed to study the mechanism 
of single-sided discharge.  Some comprised only one anode and one 
cathode, while others  had multiple anodes and cathodes. 

3 .  The evolution of a bobbin cell design through the application of the 
know.ledge gained f rom the pr i smat ic  cell studies and f rom experi-  
mentation with variations in bobbin s t ructures ,  methods of construc- 
tion, cathode compostion and electrolyte concentration and type. 

Task 11, "Design, ' I  required the design of a self-contained ammonia cell,  
excluding activator,  for  the purpose of fabricating a number of such cel ls  for  
t e s t  o r  delivery to NASA. This was accomplished during the third quar te r .  

::Contract NAS 3-6009 
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Task 111, “Test  and Redesign. l r  In the f i r s t  p a r t  of this task,  a full-scale 
cell mockup was constructed and evaluated with sat isfactory resul ts .  
concluded the activities of the third quar te r  and placed the project  in good 
position to complete Task I11 during the fourth qua r t e r .  

This 

Supporting data f o r  all cel ls  a r e  provided in Appendix A which includes: 

Notes to Tables 

Materials Identification 

Table I - Electrochemical Cell Tests ,  Pasted-plate Configuration 

Table I1 - Electrochemical Cell Tests ,  Bobbin Configuration 

Table III-A - Periodic  Cell Voltages , P a s  ted-plate Configuration 

Table III-B - Periodic  Cell Voltages, Bobbin Configuration 

Cell construction, illustrations and drawings a r e  included in  Appendix B 
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2. PRISMATIC CELL EXPERIMENTS 

I 

i 

The method of construction and a drawing of a typical pr i smat ic  (or  pasted- 
plate) cell m a y  be found in  Appendix B. 
following sections.  

The tes t  resu l t s  a r e  discussed in the 

2.1. Separation 

The effect of variations in  separator  thickness a r e  shown in Table I. 

TABLE I 

Separation Thickness Studies 
.l. *r 

Cell No. HgSO, S 

P- & A  
51 20 4 
52  20 4 

59 20 4 
60 20 4 

62  0 11 

.L .b .,. ',. 
C Electrolyte Separator Hours 

_g VOl. (cc)  Thickness (in.  ) to 1. 3V 

12 150a 0.020 70 
12 100 0 .020  93 

12 10 0 
12 100 

0 .028  26 
0. 028 56 

11 100 0.008 64 

:kWebril No. M-1365. 
:$:$Under heavy load. 
a l O O  cc initially: added 50 cc af ter  2 days, at which t ime the heavy load 
voltage recovered f rom 1. 53 to 1. 83. 

The inc rease  in thickness f rom 20 to 28 mils was detrimental ,  possibly 
because of increased  resis tance.  A decrease  in thickness to 8 mils in  a S / C  
cell  yielded moderately good resul ts .  The optimum was not established 
definitely because of the l imited number of tes t s ,  but the 20 mil thickness has  
been adopted a s  a suitable standard.  
each. 

This is made f rom 5 l aye r s  a t  4 mi ls  
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2 . 2 .  Electrolyte Studies 

Twenty-five and 34 weight percent  KSCN in  liquid ammonia and par t ia l ly  
"spent" electrolytes were  used in a number of ce l l s .  
cathode composition, discharge temperature  and collector gr id  ma te r i a l s .  
The resu l t s  a r e  summarized in  Tables 11 and III. 

Other var iables  w e r e  

TABLE II 

Electrolyte Concentration Variations (No.  1) 

:k 
Cell NO. Wt. % Temp. Hours to 

1 . 5 v  1. 3 v  - -  P- KSCN " C  

120 34 -40 35 51 
12 1 34 -40 29 38 

118 34 -6 3 32 38 
119 34 -63 35 39 
125 25 -6 3 41 43*:: 
130 25 -63 25 30 

*Under heavy load. 
**Aluminum Exmet  collector grid: si lver-plated copper Exmet  

used i n  all other cel ls .  

Corrosion was m o r e  evident a t  higher tempera tures ;  and the s i lver-plate  was  
destroyed, thereby exposing the copper Exmet  gr id .  Neither the substitution 
of aluminum Exmet o r  the use of m o r e  dilute electrolyte proved to be substan- 
tially beneficial. 
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TABLE 111 

Electrolvte Concentration Variations (No. 2) 

Cell No. 
P- 

131 
132 
128 
129 

76 
77 

126 
127 

58 

S C 
70 70 - -  
70 30 
70 30 
70 30 
70 30 
70 30 
70 30 
85 15 
85 15 
85 15 

Electrolyte 
Wt. 70 as KSCN 
Virgin lrSpentlfl 

Temp. 
"C 

-6 3 
-63 
-90 
-90 
-90 
-90 
-90 
-90 
-90 

Hours to* 
-- 1 . 5 v  1 .3v  

45 82** 
57 83** 
25 110 
90 113 
99 141 

100 120 
0 95 

17 89 
53 89 

:::Under heavy load. 
 aluminum Exmet  collector grid: silver-plated copper Exmet  in  all other 

ce l l s .  
"Spent" electrolyte is  the residual electrolyte f rom a s imi la r  cell af ter  
di s charge.  

The S:C cel ls  (P-131 and 132)  ran at -63°C almost  twice as long as P-125 
(Table 11) which contained HgSO, . 
th ree  ce l l s .  At -90°C, P-128 and 129 r a n  well with "spent" electrolyte, but 
not near ly  a s  long as P-76 and 77 in  which 34 Wt .  70 KSCN was used. 

Aluminum Exmet  gr ids  were  used in  these 

The use  of only 15 percent  graphite in conjuction with 25 percent  KSCN (cel ls  
P-126 and 127) yielded very  short  runs to 1. 5V, but long life to 1. 3V at -90°C. 
Hcwever, the use of 34 percent  KSCN in  a similar cell, P-58, provided better 
performance to the 1. 5V cut-off. 

Therefore ,  the resu l t s  a r e  strongly in favor of the use  of 34 Wt. 70 KSCN i n  
liquid ammonia as the electrolyte for pasted-plate cells having S: C cathodes. 
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2 . 2 . 2 .  Electrolvte Volume and Level 

It has  been demonstrated in  Cell No. 51 (Table I), and i n  some la t te r  cell  t e s t s  
that the volume and level of electrolyte are important f ac to r s  that mus t  be 
checked throughout discharge.  
accurately because different cathode mixtures  absorb o r  consume different 
amounts of electrolyte and because the plast ic  envelope cell  containers va ry  
somewhat in  s i ze .  If the level is above the connections of the lead wi re s  to the 
electrodes,  the connections a r e  attacked and m a y  be destroyed even if  they a r e  
coated with such mater ia l s  as Krylon o r  rubber cement. In o rde r  to eliminate 
this problem, longer anode and cathode collector tabs were  adopted. 
permi ts  the use of a safe excess  of electrolyte.  
low, the cel ls  suffer in life span. 

The required quantity cannot be predicted 

This 
If the electrolyte level is too 

2 . 2 . 3 .  Electrolyte Salts Other Than KSCN 

It would be desirable  to have available solutions of sal ts  in liquid ammonia 
that would have lower freezing points and bet ter  e lectr ical  conductivities than 
presently obtainable with KSCN. 
solutions of eight sal ts  in  liquid ammonia.  A sufficient weight of each sa l t  to 
produce a 30 percent solution was added to ammonia a t  -40°C.  
maximum amount of sa l t  had dissolved, each solution o r  mixture  was  cooled 
to -87°C and the behavior was noted. 

Some pre l iminary  experiments were  made  on 

After the 

The observations a r e  summar ized  below: 

Concentration Observations 
Salt a t  40" a t  -87" 

Lithium chloroaluminate (LiAlCl,) 
Potassium chromate (KzCrQ ) 
Sodium bromide (NaBr) 
Sodium perchlorate (NaC10,) 

Lithium perchlorate (LiClO,) 
Lithium fluorosulfonate (LiS0,F) 
Lithium tetrafluoroborate (LiBF,) 

Lithium hexafluorophosphate (LiPF,) 

Negligible 
Ne g l igi  bl e 

3070 
30% 

- - - - - - -  
- - - - - - -  

Solution f roze .  
Did not f reeze  
completely - low e r 
portion fluid. 
Did not f reeze.  
Solution f roze .  
Pa r t i a l  freezing- 
upper portion 
fluid. 
Did not f reeze .  

The perchlorates showed promise  but a r e  potentially dangerous when confined 
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in  cell hardware.  
indicated possible instability, and only the last two did not f r eeze  completely. 
I t  would seem, therefore,  that a more  thorough study of only the last two 
sa l t s  and others  a s  yet untried could be justified. 

The l a s t  three sal ts  appeared to generate some gas  which 

2.3.  Cathode Collector Grid Materials 

Table IV presents  the comparative performance of severa l  g r id  materials 

I with changes in  cathode composition and discharge temperature .  

TABLE I V  

Cathode Collector Grid Mater ia ls  Studies 
I 

Collector Mater ia l  
Cell No. HgS04 S C Temp. (Superscripts defined in Ave. h r s .  to 

1 . 5 v  1 . 3 v  

8 1  93 52 55.6 11-1 33. 3 -90 Ag-plated Cu Exmet  
63  55.6 11.1 33.3 -90 Ag E-etX 54 66 

- P- Y O  Yo Yo "C Appendix A notes - -  
W 

W 
I 130 55.6 11.1 33- 3 -63 Ag-plated Cu Exmet  25 30 

125 55.6 11.1 33.3 -63 Aluminum ExmetZZ 41  43 

54 87 58, 70 0 85 1 5  -90 Ag-plated Cu Exmet  
74,75 0 85 1 5  -90 Ag ExmetX 2 4 1  

W 

50 75 
108 0 85 1 5  -63 Per fora ted  Aluminum 0 0 

W 
99,105 0 85 1 5  -63 Ag-plated Cu Exmet  

YY 

lo9 0 85 1 5  -40 Per fora ted  Aluminum 0 0 YY 

W 
Typical 0 70 30 -90 Ag-plated Cu Exmet  85 111 

43 55 100 to 104 0 70 30 
106,107 0 70 30 -63 Lead Exmet= 40 55 
110 0 70 30 -63 Per fora ted  Aluminum yy 15 44 
112,113 0 70 30 -63 Au-plated Cu ExmetWW 64 74 
131,132 0 70  30 -63 Aluminum Exmet'' 51 82 

1 9  23 116,117 0 70 30 -40 Ag-plated Cu Exmet 

114,115 0 70 30 -40 Au-plated Cu ExmetWW 36 45 

W 

I -63 Ag-plated Cu Exrnet 

W 

111 0 70 30 -40 Per fora ted  Aluminum yy 1 3  37 

+Under heavy load. 
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It was concluded in the first quar te r  that si lver-plated copper Exmet  was  a 
satisfactory collector gr id  for  use a t  -90°C. 
a 20 mil sheet to yield s t rands  30 mills in  width and small openings. Subse- 
quent, t es t s  were  made  on pure s i lver  Exmet  which was  expanded f rom 5 mil 
sheet  to form 8 mil s t rands and relatively l a rge  openings in the mesh .  I t  is 
believed that the open-mesh pure s i lver  Exmet  did not function well because 
of poor conductivity in  the cathode mixture  of cel ls  P-74 and 75, which contained 
only 15 percent carbon i n  the S/C cathodes. This is substantiated partially by 
the better performance of the HgSO,/S cell,  No. P-63. 

I 
At higher temperatures ,  such as -63" and -40", there  was a general  t rend I 
toward shorter  cell life and increased corrosion of most  gr ids  and anodes. I 

Gold-plated copper Exmet (Nos. P-112 to 115) was superior  to the s i lver  plate, 
and aluminum Exmet  was also somewhat bet ter  than the s i lver  plate (P-125 vs  
130). In the la t ter  instance, a t  -63" the s i lver  was removed, possibly due in  
p a r t  to the presence of HgSO,. However, in  cel ls  P-116 and 117, which contained 
no HgSO, but which were  discharged a t  -40", all  of the si lver-plate was removed, 
and the copper gr id  was almost  destroyed. Lead Exmet  las ted for  over two days 
but was found to be completely disintegrated af ter  four days.  
corrosion resis tance of aluminum and to secu re  bet ter  adhesion of the pas te  to 
the grid,  i t  was used in the form of Exmet  i n  cel ls  P-131 and 132. 
82 hours to 1. 3 volts indicated it to be quite sat isfactory for  use a t  -63" with 
the 70:30 S/C mix. 

This was formed by expanding 

I 

There was  no 

The life of 

It is concluded f rom the available data that e i ther  gold-plated copper o r  alumi- 
num in  the form of Exmet  should be used in any future  pasted-plate fabrication. 

2 .4 .  Cathode ComDosition 

The proportions of HgS04, sulfur,  graphite, acetylene black and paper pulp 
have been varied i n  the cathode mix. 
with silver-plated copper Exmet  collector g r ids .  
in  liquid ammonia. 
provide a more  complete picture .  

The t e s t  ce l l s  were  of s tandard construction 
The electrolyte was 34% KSCN 

A number of t e s t s  f rom the f i r s t  qua r t e r  a r e  included to 
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2.4.1.  HgSO,/S/ Carbon Cathodes 

TABLE V 

Cathode Variations with Mercur ic  Sulfate 

Cell No. Mol ra t io  HgS04 S C Temp. Hours to* 
yo - % - Y O  - "C -- 1 . 5 v  1 . 3 v  P- S: HgS04 

17, 22, 29, 35 0.0 4 1 . 4  58.6 -90 57 66 
18, 23, 30, 36 4: 1 40.8 17 .7  41. 5 -90 54 64 
19,28 2: 1 5 1 . 5  1 1 . 2  37.3 -90 58 66 
9-14, 51, 52 1 . 8 6 ~ 1  55.6 1 1 .  1, 33.3 -90 58 66 
25, 31, 37 1 .1  60 .0  6 . 4  33.6 -90 59 65 
21, 27 0 70 .8  0 . 0  29. 2 -90 38 41 

118, 119 1.86: l  55.6 11 .1  33 .3  -6 3 34 38 

120,121 1.86:l 55.6 11. 1 33 .3  - 40 32 45 

:kUnder heavy load. 

At -9O"c, all of the above combinations, except the one without sulfur, yielded 
about the same  average life and had at l e a s t  one cell  in  each group that met 
the three  day requirement.  
unpredictable. 

Without sulfur, the performance was  erratic and 
Reproducibility was best  in  the absence of HgSO,. 

At the highest  temperatures ,  -63" and -40" ,  corrosion of the collector gr ids  
was seve re ,  and the performance was unsatisfactory. 

I t  would have been desirable  to have established the mos t  effective rat io  of 
oxidant to graphite f o r  each combination of oxidants. 
determination m a y  be found in the next section, 2 .4 .  2. 

An example of such a 

r 
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2.4.2 Sulfur / Carbon Cathodes 

TABLE VI 

Cathode Variations without Mercur ic  Sulfate 

Cell No. S C Temp. Hours to* 
1. 3 v  - 1. 5v - 70 " C  - 70 - P- 

17, 22,29, 35 41.4 58.6 -90 57 66 

7a,79 60.0 40. 0 -90 93 105 

33,3a, 58 85. o 15. 0 -90 79 105 

34 50.0 50.0 -90 79 a5 

76,77,96,97 70.0 30.0 -90 85 1 1 1  

32 100.0 0.0 -90  0 a 

100 to 104 70.0 30. 0 -6 3 43 55 
99, 105 85.0 15. 0 -63 50 75 

116, 117 70.0 30. 0 -40 19 23 

*Under heavy Ioad. 

This table and the accompanying graph, Figure 1, show the optimum composi- 
tion of a S/C cathode for discharge a t  -90" to be about 70 percent  sulfur and 
30 percent  graphite. 

Eighty-five percent sulfur appears  to be bet ter  f o r  discharge at -63". 
one cell  (P-102) i n  the 70 percent  S group r a n  for  66 hours  to 1.5V and for  75 
hours  to 1. 3V. 

However, 



I 

I, 
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2 .4 .  3 .  Acetylene Black 

In Table VII, the resu l t s  of substituting acetylene black for part of the graphite 
are summarized.  All cel ls  were  discharged a t  -9OOC. 

TABLE VII 

Graphite/ Acetylene Black Variations 

Cell No. S Graphite Acet. Black Total Carbon Electrolyte Ave. Hours* 1 
P- B A A  7 0  VOl. (cc)  to 1. 3V I 

I 

76,77 17 7 . 3  0 
96,97 17 7 . 3  0 
83 17 6 . 6  0 . 7  
91 17 6 . 6  0 . 7  
84 17 5 . 9  1 . 4  
9 2  17 5 . 9  1 . 4  

33, 38 21 3 . 7  0 
58 21 3 . 7  . o  
81 21 3 . 3  0 . 4  
89 21 3 . 3  0 . 4  
82 21 2 . 9  0 . 8  
90 21 2 . 9  0 .  8 

30 125 130 
30 100 93 
30 125 87 
30 100 80 
30 125 108 
30 100 86 

15 100 105 
15 100 105 
15 125 118 
15 100 72 
15 125 121 
15 100 85 

*Under heavy load 

Only those cells containing equal amounts of electrolyte can be compared with 
each other,  for i t  is  evident that this factor  had a g rea t e r  influence on per for -  
mance than the additive. It is difficult to draw a definite conclusion from these 
data. Every cell, however, m e t  or exceeded the 72-hour requirement.  
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2 . 4 . 4 .  Paper Pulp 

Table VIII is a summary  of the tes t  resul ts  at -90°C on cells in  which paper 
pulp was  added to the cathode composition. 

TABLE VIII 

P a p e r  Pulp Additive 

Cell No. S C 

L A  P- 

76,77 17 7 . 3  
96, 97 17 7 . 3  
85 17 7 . 3  
86 17 7 . 3  

33, 38 21 3 .7  
58 21 3 . 7  
87 21 3.7 
88 21 3 . 7  

*Under heavy load. 

C 
Y O  - 
30 
30 
30 
30 

15 
15 
15 
15 

Pape r  P u l p  

0 
0 
0 .  25 
0 .75  

0 
0 
0 .  25 
0.75 

Electrolyte 
VOl. (cc) 

125 
100 
100 
120 

100 
100 
110 
130 

Ave. Hours* 
to 1 . 3 v  

130 
93  
89 

109 

105 
105 
100 
69 

No advantage can be attributed to the addition of paper pulp, and i t  seemed to have 
a harmful  effect, par t icular ly  on Cell No. P-88.  
be added to compensate for  absorption by the pulp. 

Additional electrolyte had to 
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2.5. Cathode Pla te  Thickness 

The thickness of the pasted plates normally used for  mos t  of this work has 
been about 118 inch, regard less  of the composition. 
in Table IX, the thickness was varied.  Since the a r e a  was constant, the cathode 
weights necessar i ly  changed, and the res i s t ive  loads were  adjusted accordingly. 
The peak anode cur ren t  density var ied approximately in  proportion to the applied 
load. 

In the experiments  shown 

TABLE IX I 

Positive Electrode Thickness Variations I , 

Cell No. Thickness HgSO, S C Loads, Peak  C. r). Hours to* 
P- in. -g M mA/crn2 1 . 3 v  

13 cel ls  118 20 4 12 13. 5/68 
Maximum 0 .  81 117 
Minimum 0. 70 28 

Average 0 .76  63 

43 518 100 20 60  2.  7/13. 5 3.67 38 

54 51 8 100 20 60 2.7113. 5 3.42 30 
44 51 8 100 20 60  2.7113. 5 2 .  91 20 

46 1/16a 5 1 3 481 240 0 . 2 2  49 

61 1/16 5.95 1. 19 3.57 481240 0 .22  
48 
82 

47 1 1 16; 5 1 3 481240 0 . 2 2  

*Under heavy load. 
aJust  enough paste  to f i l l  pores  of collector gr id .  
bGr id  surface covered somewhat bet ter  than i n  (a) 

The life span of HgSO,/S cel ls  has  been highly erratic and unpredictable, and 
the f ac to r s  affecting it have not been identified with certainty.  
data and other observations which will be repor ted  l a t e r  indicate that anode 
cur ren t  density is a limiting factor.  

However, these 

Cells P-46 and 47, in which the gr ids  w e r e  not completely covered, r a n  for  a 
relatively short  t ime i n  comparison with No. P-61. 
gr id  corrosion and cell life, which was  evident i n  tests at higher tempera tures ,  
lead one to the opinion that gr id  cor ros ion  i n  some way poisons a cell .  

This and the relation between 
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2.6.  Transit ion f rom Pr i sma t i c  to Bobbin Cell Structures 

A conventional pr i smat ic  o r  pasted-plate cell  (as descr ibed and i l lustrated 
in  Appendix B, pages B-1 and B-2) may be comprised of a single cathode with 
a Mg anode on each side.  
city required by a full-sized cell .  
were  conducted pr imar i ly  to  gain the information required for  the design of a 
bobbin cell  with the capability of satisfactory operation at -90" C. 

Most cel ls  were designed to  provide 1/5 of the capa- 
The experiments covered in this section 

2.6.1. Single -Sided Discharge 

The geometry of a bobbin cell  usually involves what m a y  be te rmed single- 
sided discharge between an anode and a cathode. This is contrasted to the 
multiple flat-plate s t ruc ture  sometimes r e fe r r ed  to as pr i smat ic  where,  with 
the exception of the outside plates,  all electrodes are discharged f rom two 
sur faces  towards the center.  In single-sided discharge, one f la t  plate cathode 
m a y  be discharged against  a flat plate anode. In this case  the cur ren t  f rom the 
side of the cathode which is neares t  the anode need not t ravel  through the depth 
of the porous cathode s t ructure .  
f r o m  the cathode side facing away from the anode mus t  pass  through the pores  
of the complete cathode thickness.  This charac te r i s t ic  m a y  be a limiting factor 
in  the operation of bobbin type cathodes. 
in  the bobbin cell was explored in  a ra ther  unique fashion by means of a similar 
construction employing m o r e  than one porous cathode or  anode grouped together 
to s imulate  a single thick porous cathode and anode. 
plates  i n  severa l  ca ses  were  electrically insulated permitting the recorded data 
to be, i n  effect, s t ra t i f ied as to cathodic thickness.  These exploratory s t ruc tures  
w e r e  quite useful in defining some of the limiting factors  of the magnesinm/KSCN: 
NH3/S:HgS04:carbon cell  as it applies to bobbin type s t ruc tures .  

On the other hand, the electrolytic cur ren t  

The grea te r  cathode thickness inherent 

However, the individual 

Not only was it possible, by this means,  to determine the effect of electrode 
thickness upon discharge character is t ics ,  but the location of porous reference 
e lec t rodes  between a working cathode and a working anode of the flat plate type 
p e r m i t s  a c lear  definiation f r o m  the standpoint of geometry as to which electrode 
is controlling the inc rease  o r  decrease of cell  voltage, including the effect of 
porous electrode thickness.  
desc r ibe  such ce l l s  and the conclusions which were  drawn therefrom. 

The following paragraphs,  2.6.1.1. through 2.6.1. 3 .  , 
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2.6.1.1. Single Cathode, Single Working Anode 

In the first quarter ,  a cell ,  No. B-50, was discharged at the full p ro ra t ed  
load f rom one anode while the other anode was  utilized as a re ference .  
Difficulties were encountered with the re ference  electrode,  indicating working 
anode cut-off. 

Cells P-94 and 95 were  constructed with only one anode and one cathode, thereby 
doubling the normal anode cu r ren t  density. As a resul t ,  the life span was  reduced 
drast ical ly  to an average of about 56 hours .  I 

In a fur ther  investigation of the effect of e lectrode geometry,  ce l l s  w e r e  construc-  
ted with cathodes on which the applied paste  was localized on one s ide for  cells 
P-65 and P-66, and which was  1/4" thick (double thickness) for  ce l l s  P-71 and 
P-72. I t  had been expected that cell  P-65, wherein the cathode mixture  was  
loaded onto the anode side of the s i lver-plated cathode collector,  would be 
superior .  However, cell  P-66 which was  the converse of this, was decidedly 
bet ter .  Both cells might, of course,  be considered to be l imited by the effect of 
anode polarization at double the design center  cu r ren t  density.  The 1/4" thick 
cathode cel ls ,  P-71 and P-72, were  discharged with single anodes, and i t  is p r e -  
sumed now i n  the light of additional data that the reduced se rv ice  hours  w e r e  due 
to anode polarization a t  four t imes  design center  cu r ren t  density result ing f r o m  
the prorat ing of the load upon cathode theoretical  capacity.  

2.6.1.  2.  Triple Cathodes, Single Working Anode 

Flat-Plate Equivalent of a Bobbin Cell 

Cell P-73 consisted of a flat anode, a r e fe rence  Exmet  anode, and th ree  sepa-  
ra te ly  loaded cathodes, all on the s a m e  side of the working anode. The load 
cu r ren t  of all three cathodes was,  therefore ,  channeled through the inside work-  
ing cathode. It is interest ing to note that the pe r fo rmance  of this  cell,  while 
substantial, was l imited not by the multiplicity of cathodes, but r a the r  by anode 
cu r ren t  density. 
42 hours  channels 31-33 show the significant e f fec t  of anode cu r ren t  density upon 
output voltage. 

Refer to Figure 2 and Table X. F o r  example,  i n  Table X a t  
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Schematic of Cell P -73  
Solid Sheet 
Mg Alloy Anodc * 

A 

Mg Alloy 
Exmet 
Anode Ref .  

13 .5  ohms 31 & 24 
k 

Cathode 0 7 3  

Cathode 074 

Cathode 0 7 5  

‘-q 6 8 o h m s  i t -  I 

1 3 . 5  ohms - 
1 

I 

I 
6 min. 

68 ohms 

54 min. 

4 b  

13. 5 ohms - 
6 min.  
68 ohms 

2 3 ,  25 C 20 

DIGITAL RECORDER CHANNEL NUMBERS 

r . 
Heavy load for 6 min. /hour 

7.4 Cathode 073  21 31 34 
Heavy load for 6 min. /hour 

32 Cathode 074 22 

Cathode 075 20 a 5  
Heavy load for 6 min. /hour 

FORM FM-100 

Figure a 
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21 22 23 24 25 31 ---------- (Hours )  

First 1 . 9 1  1 . 8 2  1 . 6 5  1 . 3 9  1 . 1 3  1 . 3 3  
6 1 . 5 6  1 .11  0 . 8 0  0 . 6 6  0 . 5 4  0 . 6 7  

1 2  1 . 4 3  0 .91  0 . 5 8  0 . 4 6  0 . 4 0  0 . 5 6  
18 1 . 7 2  1 . 4 7  1 . 1 5  0 . 9 0  0 . 7 5  0 . 7 9  

24* 1 . 8 3  1 . 6 3  1 . 3 5  1 . 1 5  1 . 0 8  1 . 3 5  
30 1 . 8 5  1 . 7 5  1 . 5 3  1 . 2 6  1 . 1 5  1 . 2 4  
36 1 . 8 2  1 . 5 7  1 .27  0 . 9 7  0 .86  0 . 9 5  
42 1 . 6 9  1 . 3 2  0 . 9 6  0 . 6 9  0 . 5 9  0 . 7 5  

48** 1 . 8 7  1 . 8 0  1 . 5 9  1 . 3 4  1 . 2 3  1 . 2 8  
54  1 . 9 0  1 . 8 3  1 . 6 0  1 . 2 9  1 . 1 6  1 . 2 1  
60 1 . 8 1  1 . 6 5  1 . 3 8  1 . 1 2  1 . 0 1  1 . 0 7  
66 1 . 7 9  1 . 6 1  1 . 3 2  1 . 0 4  0 . 9 5  0 . 9 9  
72  1 . 7 8  1 .  57 1 . 2 6  1 . 0 1  0 . 9 1  0 . 9 6  
78  1 . 7 5  1 . 5 2  1 .  20 0 . 9 6  0 . 8 6  0 . 9 2  

TABLE X 

PERIODIC CELL VOLTAGES 

32 33 34 35 
1 

1 . 4 5  1 . 4 6  1 . 8 8  1 . 8 4  
0 . 8 6  0 . 9 5  1 . 6 1  1 . 5 3  I 

0 . 7 5  0 . 8 5  1 . 6 0  1 . 5 0  
0 . 9 2  1 . 0 2  1 . 6 2  1 . 5 5  

1 . 5 5  1 .47  1 . 8 5  1 . 7 7  
1 . 4 6  1 . 4 4  1 . 8 5  1 . 7 9  
1 . 2 2  1 . 2 9  1 . 8 3  1 . 7 5  
1 . 0 3  1 . 1 2  1 . 8 6  1 .88 

1 . 4 8  1 . 4 0  1 . 8 5  1 . 7 8  
1 . 4 2  1 . 3 6  1 . 8 2  1 . 7 9  
1 . 3 0  1 . 2 7  1 .77  1 . 7 2  
1 . 2 2  1 . 2 1  1 . 7 5  1 . 6 8  
1 . 1 9  1 .  17 1 . 7 4  1 . 6 8  
1 .  14  1.  14  1 . 7 1  1 . 6 5  

I 

Cell  No. P - 7 3  

* Switched f r o m  f l a t  Mg to  expanded Mg a t  23 rd  h o u r .  
** Discharging f r o m  both flat and  expanded Mg a t  4 3 r d  hour .  

Note: Both f l a t  and expanded Mg e l e c t r o d e s  qn one s i d e  of t he  three ca thodes  
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2.6.1. 3. Triple Cathodes, Multiple Anodes, Cells P-80 and 93 

Schematic drawings of the arrangement of the multiple electrodes,  the 
electr ical  loading and the sequence of the digital r eco rde r  voltage channels i n  
relation to  the load programming a r e  shown in  F igures  3 and 4. Table XI is a 
display of voltage recordings on each channel a t  six-hour intervals .  Channels 
20, 21, 34, and 35 represent  voltages when all cathodes are under light load; 
numbers  24, 25, and 31 pr int  when all are under heavy load. A comparison of 
24  with 25, and 34 with 35 shows the effect of cathode location under heavy and 
light loads,  respectively.  
the cell  output as shown i n  Table I of the Appendix. The anode cu r ren t  density 
was based on the combined a r e a s  of one face of each anode. 

The recordings on 21 and 31 were  used to compute 

Cell P-73 was anode l imited.  
pect to anodes and cathodes. Cell P-93 featured ex t ra  anodes. 
differences between channels 31 and 33 w e r e  0.37, 0.18, and 0.07 volts respect-  
ively showing that high anode cur ren t  density is mos t  detrimental  but that the 
cathode m a y  be even three l aye r s  thick without excessive voltage lo s s .  Note 
the cu r ren t  for  the last cathode mus t  p a s s  through the electrolyte pores  of the 
f i r s t  and the second! 

Cell P-80 was approximately balanced with r e s -  
At 42 hours  the 
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Schematic of Cell P-80 
iolid Sheet 
fg Alloy Anode - c A 

T 

dg Alloy 
Cxm e t 
b o d e s  (3 )  

Jathode 090 

Zathode 091 

Zathode 092 

31 & 24 13.5 ohms 

0 

I I 
6 8  o h m s  I 

6 min.  
4 P  

54 min. 
21 & 34 

13.5 ohms - 
6 min. 

68  ohms ' t  I 

22 54 'min .  

33 & 2E 

I 

13.5 ohms 

6 min. 

54 min. 
23, 25 & 20 DIGITAL RECORDER CHANNEL NUMBERS 

FORM FM-100 

Figure  3 
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H e a w  load for 6 min. /hour 
24 31 Cathode 093 21 

Schematic of Cell P-93 

Solid Sheet 
M g  Alloy Anode - LL 

34 

Mg Alloy- 
Exme t Anode s 
(5) 

Cathode 093 

Cathode 095 23 

Cathode 094 

H e a d a d  fo r  6 m in'. /hour 
25 33 35 

Cathode 095 

31 & 24 

1 

13.5 o h m s  

6 min. 

2.1 & 34 

6 min. 

68 o h m s  

54 min. 

I 

I 4 P  

22 

c 
54 min. 

DIGITAL RECORDER CHANNEL NUMBERS 

w 
23 & 35 

FORM FM-100 

Figure 4 
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(Hours1 20 21 22 23 

TABLE XI 

PERIODIC C E L L  VOLTAGES 

24 25 31 32 33 34 35 - - -  1 -  7 - - 

Cel l  No. P -80  
R e f e r  to  Figure 3 

. -  ' - - - -  

First 1.92 1 .84  1.68 
6 1 .95  1.90 1 .80  

12 1 .95  1 .89  1.81 
18 1 . 9 3  1 .90  1.79 
24 1.92 1.94 1 .90  1.78 
30 1.91 1 .94  1.89 1.76 
36 1.89 1.90 1 .83  1.70 
42 1.86 1.86 1 . 7 5  1 .59  
48 1 .84  1 .83  1 .70  1.54 

1.72 1 .65  1 . 7 6 8 1 . 7 2  1.74 1.91 1.87 
1.77 1.66 1 . 7 5  1.74 1 .75  1 . 9 3  1 . 9 0  
1.76 1.65 1 .70  1 .71  1 .72  1 .92  1.89 
1 . 7 5  1.62 1 . 6 3 i 1 . 6 5  1 .69  1 .91  1 .88  
1 .72  1 .62  1 . 6 2 ' 1 . 6 3  1.67 1.90 1 .88  
1.69 1.58 1.56 1 .59  1.64 1 .88  1.87 
1 .58  1.48 1 . 4 9 1 1 . 5 4  1.61 1 .86  1 .85  
1 .45  1 .37  1 . 3 4 ' 1 . 4 1  1 .52  1.81 1.80 
1.37 1 . 3 0  1 .28  1.38 1 .50  1.80 1.79 

Cel NO. P - 9 3  
R e f e r  to F i g u r e  4 

First 
6 

12  
18 
24 
30 
36 
42  
48 
54 
6 0  

20 21 22 23 - - - -  
1 . 9 3  1.86 1 . 7 5  
1 .95  1.89 1.78 
1.96 1.91 1.79 
1 .94  1.88 1.73 
1 .91  1.84 1.70 
1.91 1.84 1 .68  
1 .90  1 .81  1 . 6 5  
1.86 1 .73  1.57 
1.82 1.67 1 .50  
1.79 1.62 1.45 
1 . 7 5  1 .55  1 .30  

24 

1. 71 
1.67 
1.69 
1.67 
1 . 6 5  
1 .63  
1 .60  
1. 50 
1.41 
1.34 
1 .25  

- 25  

1 .61  
1.57 
1 . 4 9  
1. 50 
1. 50 
1 .48  
1 . 4 5  
1.37 
1. 28 
1.22 
1. 15 

- 
1.77 ' 1 . 7 3  
1.72 1 .73  
1.66 1.69 
1.62 1.66 
1 .60  1 .64  
1. 5 5 ,  1. 59 
1 . 4 6 :  1. 50 
1.371 1 . 4 1  
1.301 1 . 3 5  
1 .21  1 1.28 

33 - 
1.69 
1.71 
1.71 
1.68 
1 .65  
1 .62  
1. 58 
1.53 
1 .47  
1 . 4 3  
1.38 

34 35 

1.92 
1 .93  
1.92 
1.91 
1 .90  
1 .90  
1.88 
1 .83  
1 .80  
1.76 
1 .72  

1 .89  
1.89 
1 .90  
1 .88  
1 .84  
1 .85  
1.81 
1.78 
1 .74  
1.71 
1 .68  
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2 . 6 .  2. Edge Discharge, Cell No. P -55  

This was a conventional HgSO,/S/C pr ismatic  cell  with a single cathode and 
an anode on either side. In addition, narrow anodes were  located to face two 
opposite edges of the cathode. 
exploratory cell.  The edge anodes were initially used as the working anodes 
against the cathode located perpendicularly and lengthwise to the edge anodes. 
Despite the long and nar row electrolyte path between the edge anodes and the 
working cathode, the ear ly  cell cut-off was attributed to anode polarization 
ra ther  than electrolyte IR drop as indicated by Table XII. 
initial discharge,  the normal  anodes were  utilized as working anodes, the 
edge anodes used a s  references,  and cell performance resumed for  a substan- 
tial period of t ime.  Since the reference electrodes were  not in a favorable 
position to differentiate between anode polarization and electrolyte IR drop, i t  
was not cer ta in  that anode polarization was responsible.  
should be placed in a favorable position between the working anode and cathode 
in o rde r  to discr iminate  between anode and cathode polarization. 
in that ca se  has to be perforated (Exmet).  
feature  and severa l  others ,  is presented under the next subsection. 

Figure 5 is a cross-sectional schematic of this 

i 
l 

Subsequent to the 

The reference electrode 

The reference 
A complex cell, including this 
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TABLE XI1 

REFERENCE READINGS, CELL NO. P-55 

After 23 hours  discharge via edge anodes, l a r g e  anodes ( re ference)  and 
sma l l  anodes (working) a t  68 ohm load: 

Cathode to Small Anodes 1. oov 
Cathode to Large  Anodes 2.10v 

Large  Anodes (+) to Small Anodes ( - )  1 . 1 o v  

I 

Same readings with cell  on open circuit  for  10 minutes: 

Cathode to Small Anodes 2.23V 

Cathode to Large  Anodes 2 . 1 0 v  

Large  Anodes ( - )  to Small Anodes (t) 0.12V 

Calculations (Refer  to F igure  5): 

where  
E I - -  - R  

I = Cell cu r ren t  
E = Working cell  voltage 
R = External  load resis tance 

I = 1.00/68  = 0.0147 amperes .  

Ir where I = Cell cu r ren t  above 
r = Cell ohmic resis tance determined by a c  measurements  

Internal Ir l o s s  = 0.0147 x 3 .2  = 0.047 volts 

Consequently, the potential of the cell  has  been reduced by ohmic polarization 
a t  the small anodes, not by Ir drop in  the cathode. 
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2 . 6 . 3 .  Exploratory F la t -P la t  Cell No. P-57 

I This cell (Figure 6 )  incorporated two f la t  magnesium anodes (1 and 5) and a 
design center  cathode (3)' .  
(3 )  a pasted carbon electrode (2)  was inser ted,  and between the other anode 
(5) and the cathode ( 3 )  an expanded magnesium anode (4) was located. 
actual load was applied between the cathode ( 3 )  and the working anode (5). 
was the anode ( 5 )  which was separated f rom the cathode ( 3 )  by means of the 
expanded magnesium reference electrode (4). 
2 . 6 .  2 .  , this reference electrode (4) which was between the cathode ( 3 )  and the 
single working anode (5), indicated clear ly  that voltage decline was  due to lo s s  
of potential a t  the anode under load (5). 
by means of a diode (6)  in  the forward mode in  o rde r  to determine the presence  
of soluble oxidants emanating f rom the cathode ( 3 ) .  While considerable cu r ren t  
could be drawn from this carbon electrode (2)  in the 1-volt region, little capacity 
was available i n  the 1. 5 volt region. 
but the significant points have been described, and these points will be fur ther  
discussed in specific cells designed to illuminate these par t icular  proper t ies .  

However, in between one anode (1) and the cathode 

The 
This 

As mentioned under paragraph 
I 

The carbon e lec t rode  ( 2 )  was loaded 

Considerable data was collected on this cell,  

2 . 6 . 4 .  Pasted Carbon Third Electrode Between Workine Electrodes 

The purpose of the following was to determine if sulfur o r  other oxidizing value 
was going into solution in  the electrolyte and becoming los t  to the cathode. 
cell P-69,  a porous carbon electrode was located between the single working 
anode and the single working cathode. The heavy 6-minute load was connected 
between the cathode containing sulfur only a s  the oxidant and the anode. The 
carbon electrode was connected to the anode via the light load which was left in 
place continuously. 
oxidizing value until late in the run.  This was cer ta inly an informative and 
unexpected turn of events since the higher polysulfides a r e  soluble in liquid 
ammonia. 

In 

The carbon electrode did not show evidence of soluble 

-- 
I ( R e f e r  to F i g u r e  1, Appendix By page B-2. 
of 20 grams  of HgS04, 4 g r a m s  of sulfur  and 12 g r a m s  of graphite and has  the 
capability of providing 1/5 of the capacity required of a full-sized cell  at -90°C. 
Examples of cells with this cathode a r e  P-14, 51, and 52. 

A "design center  cathode" consis ts  
I 
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I 

CELL P-57 

I 
Flat M g  (Ref .  ) 

I 1 t A 
211 31 - 

1 t 

41 I 

FORM FM-100 Figure 6 
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2.6.  5. Single Cathode, Two Anodes Loaded Individually- Cell No. P-134 

Since each anode was loaded with one half of the normal  total, the overall  
cur ren t  density was the same  as that of a conventional pr i smat ic  cell .  
heavy and light loads w e r e  applied sequentially to each anode, and the per for -  
mance of each was monitored continuously. Figure 7 is a schematic drawing 
of the electrodes and the electr ical  loading and shows the sequence of the digi- 
tal voltage recordings.  Table XIII is a display of the voltages on each channel 
a t  twelve hour intervals .  The normal duration of the heavy load is s ix  minutes 
(10 channels x 36 seconds p e r  channel). 
heavy load was applied to the cathode during the print-out of channels 3, 4,13, 
and 14; and 100 percent  during the print-out of channels 5 through 12. 
channels at 50 percent  of full load plus eight channels at full load are equivalent 
in  t e r m s  of watt-minutes to 10 channels at 100 percent  heavy load. 

The 

In this case,  only 50 percent  of the 
i 

Thus, four  
I 

In general ,  the performance of the two anodes was much the same.  
the potential dropped as the load was increased  and then recovered as the load 
was decreased. 
by channels 3 v s  5. 

As expected, 

The effect of increased  cu r ren t  density on the cathode is shown 

Fur ther  data reported on this cell is presented in  2 .6 .6 .1.  
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SCHEMATIC OF CELL P-134 

Anode A 

c 
54 min. 

2,13,15 

Cathode 
i 

270 6,11,14 

Anode B 

1360 

54 min. 

FORM FM-100 

Figure 7 
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TABLE X m  

PERIODIC CELL VOLTAGES 

Cell  NO. P- 134 

Refe r  to F i g u r e  

Anode: B A A B  A B B A A B A B 
Channel No. 1 2 3 4 5 6 11 12 13  14  15 16 i - - - - - - --- --- 
Hours 

1 
12  
24 

36 
48 

60  
72 

84  
96 

108 
114 

1 . 8 7  1 . 8 7  
1 . 9 1  1 .91  
1 . 9 1  1 . 9 0  

1 .89  1 . 8 9  
1 . 8 2  1 . 8 1  

1 .90  1 . 9 0  
1 .84 1 . 8 4  

1 . 8 2  1 .81  
1 .77  1 . 7 6  

1 . 7 3  1 . 7 3  
1 . 6 5  1 . 6 4  

Lt. load 
54 m i d h r  . 

1.75 1 . 8 2  
1.80 1 .87  
1.79 1 .87  

1.77 1 . 8 4  
1 .69  1 . 7 8  

1.77 1 . 8 6  
1.61 1 . 7 7  

1.59 1 . 7 4  
1 .53  1 . 6 9  

1 . 5 1  1 . 6 4  
1 .39  1 . 5 2  

4 

<-5070 -+ 

1 .70  1 . 6 8  1 . 7 2  1 . 7 3  
1 .77  1 . 7 6  1 . 7 2  1 . 6 8  
1 . 7 4  1 . 7 4  1 . 7 0  1 . 6 1  

1 . 6 9  1 . 7 0  1 . 5 8  1 . 5 8  
1 . 5 7  1 . 6 2  1 . 4 8  1 . 5 1  

1 . 7 1  1 . 7 0  1 . 6 2  1 . 6 5  
1 . 5 1  1 . 5 3  1 . 4 3  1 . 4 6  

1 . 5 1  1 . 5 0  1 . 4 2  1 . 4 8  
1 . 4 2  1 . 4 5  1 . 3 5  1 . 3 1  

1 . 4 3  1 . 4 5  1 . 4 2  1 . 3 9  
1 . 2 7  1 . 2 5  1 .20  1 .  19 

Heavy load 
6 m i n .  / h r .  

4 100% rc 

. 8 3  1 . 7 8  

. 8 3  1 . 6 7  

. 8 3  1 . 6 5  

. 7 9  1 . 6 0  

. 7 5  1 . 5 3  

. 8 2  1 .59  

. 7 5  1 .46  

. 7 2  1 . 4 5  

. 6 2  1.  36 

. 57 1.46 

. 4 4  1 .  26 

9. 

< 50% > 

1.88 1 . 9 0  
1 .87  1 .86  
1.86 1 .86  

1 . 8 4  1 . 8 5  
1 . 7 8  1 . 7 9  

1 .86  1 .86  
1 . 8 0  1 . 8 2  

1 .77  1 . 7 8  
1 . 7 1  1 . 7 3  

1 .66  1 . 6 9  
1 . 5 5  1 . 5 8  

Lt. load  
54 min .  / h r  
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2 . 6 . 6 .  Cell Resis tance and CaDacitance 

A Kelvin a c  bridge with a phase-sensit ive null indicator was  constructed and 
used to m e a s u r e  the subject charac te r i s t ics  of ce l l s  during discharge.2 
diagram of the c i rcu i t ry  is shown in  Figure 8. 
of continuous cell  discharge,  the bridge was  connected in paral le l  with the cell  
c i rcui t .  
measurements  is presented  as an example. 

A 
In o rde r  to avoid interruption 

The computation of the resis tance of Cell No. B-59 f rom the bridge 

Heavy load r e s i s to r ,  R1 = 

Standard r e s i s to r ,  R = 1. 35n 

2 . 7 0  

S 

Standard capacitor C = 24950 microfarads ,  with 0.06950, 
S 

equivalent s e r i e s  res i s tance  a s  measu red  by the bridge 
in  calibration procedures .  

= 0. 31152 (total calculated f rom bridge readings) 
Rt 

= unknown cell res is tance,  calculated f rom the formula 
U 

R 
fo r  para l le l  res is tances ,  as follows: 

l / R t  = 1 /R  -I l /Rl ;  1/0. 311 = 1/R t 1 /2 .7 ;  R = 0. 351a 
U U U 

Fo r  the purpose of these studies,  the difference of 0 .  0451 is negligible fo r  com- 
parat ive purposes .  
is insignificant.  

In the case  of the 13.551 light load r e s i s to r ,  the correct ion 

The r e s i s t ance  and capacitance values under light and heavy loads a r e  plotted 
against  the cu r ren t  and extrapolated to zero  cur ren t .  

“‘Storage Bat te r ies ,  ‘ I  Vinal, 4th Edition, Pages  318 - 331, John Wiley & Sons, Inc. , 
New York, 1955. 
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2.6.6.1.  Resis tance and CaDacitance of P r i sma t i c  Cell 

Cell No. P-134, which had one cathode and two separately loaded anodes, is 
descr ibed in Section 2 .6 .5 .  and i l lustrated in  Figure 7. 
seem to indicate that the origin of the capacitance values in the system, Mg/ 
KSC"H, /S ,  is in  the anode. 

The data in  Table XIV 

TABLE XIV 

Resis tance and Capacitance of Prismatic Cell No. P-134 t 

Elapsed Anode A to Anode B to Anode to 
Tim e cathode cathode anode 
hours m F  ohms -- mF ohms -- m F  ohms -- 

Light load 4 16 .8  0 .68  17 .8  0.40 9 . 2  0 .98  

X* 4 (417 .9  0 .66  (a)19.5 0. 36 (a )10 .4  0.92 
Heavy load 4 13 .4  0.74 15 .4  0.76 7 .7  1 .12  

Light 1 oad 24 17 .8  0 . 7 8  19 .0  1. 35 9 . 9  1. 38 
Heavy load 24 20 .0  0 .75 19 .0  0. 81 9 . 9  1 .26  
x* 24 17.0 0 . 7 9  19 .0  1.  54 9 . 9  1 .70  

Light load 47 13 .9  0 .82  13.8 1 .58  7 . 3  1.39  
Heavy load 47 13. 1 0. 99 13.8 0.85 6 . 3  1 .43  
X::: 47 14.0 0 . 7 8  1 3 . 8  1 .78  7 . 4  1 .  38 

*X = values obtained by extrapolation to ze ro  current .  

a Capacitance i n  mil l i farads (mF) 
The 60 cycle a c  impedance of the cells resu l t s  largely f rom the anode to 
e lectrolyte  capacitance, cell resistance,  and cathode capacitance in  se r i e s .  
The measu red  value of c e l l  capacitance appears  to be l imited by the anode 
active area since the cathode capacitance is quite high. 

Verification: 

1/c t 1 / c  = 1 / c  
a C 

Where C = Anode A to cathode, capacitance value 
Ca = Anode B to cathode, capacitance value 
Cc = Anode A to anode B, capacitance value 

1/16. 5 t 1/19. 5 = 1/9 .0  

Therefore ,  cathode capacitive reactance is negligible, par t icular ly  during the 
first day of discharge.  
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2.6.6.  2. Effects of Mercur i c  Sulfate i n  Bobbin Cells 

The addition of of small amounts of HgS04 to the cell  sys tem of the preceeding 
paragraph appears  to increase  the effective anode a r e a  substantially, and the 
capacitance values observed af ter  the required life had been exceeded m a y  indi- 
cate  cathode polarization. The data a r e  presented in  Table XV. 

TABLE XV 

Resistance and Capacitance of Bobbin Cells Containing HerSOa 
1 

El ap  s ed Cell 
Cell Time life Cell Light load Heavy load X* 

to1 .3V Size m F  ohms m F  ohms m F  ohms - ------ No. hours  - 
B-57 16 84 1 / 2  32 0.17 28 

92 5 1 .46  7 . 5  

B-58 16 106 1 / 2  45 0 . 5 5  50 
93  19  0.54 21 

B-59 17 111 full 41 0 .38  40 
40 82 0 .  23 50 
64  39 0 .33  41 

138 28 0 . 8 5  22 

0.18 25 0 .20  
1 . 1 4  12 1 .64  

0 . 5 2  55 0 .50  
0 .51  23 0 .55  

0 .31  42 0 .33  
0 . 2 4  47 0 . 2 5  
0 .  33 46 0. 33 
0.81  20 0.80 

*X = values obtained by extrapolation to z e r o  cu r ren t  
Capacitance in  mil l i farads (mF). 

Cathode Composition: 

B-57 B-58 B- 59 
Y O  Y O  Y O  - 

%SO4 tt 9 . 5  9 .5  
Sulfur 50 45 45 .2  
Graphite 40 36 36. 3 
Acetylene Black 10 9 . 5  9 . 0  

**Electrolyte sa tura ted  with HgS04 (about 0 . 1 ~ 0 )  
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2 . 6 . 6 .  3 Resis tance and Capacitance of Bobbin Cells 

A summary  of the measurements  taken on 15 cel ls  is shown in  Table XVI. 
While the object of this tudy was to  build a background of valid res is tance 
readings in  the face of s e r i e s  capacitive reactance,  it was found that capaci- 
tance was more  significant than resis tance ( a s  long a s  R was reasonable). 

While the cells 
sP Table XVI include many construction and tes t  variations, the general  trend 
:: decreasing capacitance with continued discharge is quite evident. 

The l a s t  column of Table XVI summar izes  the resis tance data and shows that 
the internal cell res i s tances  a r e  generally of the order  of 10 percent  of the 
value of the heavy load r e s i s to r  p r io r  to cut-off. 

I Capacitance values decrease  markedly near  end of cell life. 

I. 

~ 
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Resis tance and Capacitance of Bobbin Cells 

Cells Identified in  

Cell No. Cell life Temp. 

Table I1 of Appendix A 

Elapsed 
Cell Tim e 
Size hours  - mF* ohms* 

- I full 23 I 125 I 0.15 

B- to 1 . 3 v  " C  

56 '76 -63 1 / 2  69 247 0.37 

57 84 -90 1 / 2  16 25 0.20 
89 168 0.45 

92 12 1 .64  
58 106 -90 1 / 2  16 55 0. 50 

93 23 0 . 5 5  
59 111 -90 full 17 42 0 .33  

40 47 0.  25 
64 46 0 .33  

138 20 0.80 

40 43 0. 25 
64  60 0 . 3 5  

138 7 0 . 3 5  
61 176 -63 1 / 2  16 160 0 . 3 3  

186 7 1 . 6 0  
62 82 -90 1 / 2  16 147 0 . 3 5  

40 60 0.47 
114 5 1 . 8 3  

6 3  101 -73 full 16 0.37 
89 252 0 .35  

111 125 0.47 
-73 full 16 47 5 0.  26 

40 47 5 0.  14 
112 90 0 .10  

60 127 -40 1 / 2  12 78 0.28 

64 I 97 

* Values obtained by extrapolation to  z e r o  cur ren t .  
Capacitance in  mi l l i fa rads  (mF): Res is tance  i n  ohms.  
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3.  BOBBIN CELL DESIGN, CONSTRUCTION AND TESTING 

I Since cylindrical  cel ls  offer many advantages over  p r i sma t i c  cells in  simplicity 
and ease  of construction, the development of bobbin cel ls  was s ta r ted  in  the 
second quarter .  
p r i sma t i c  cell studies was  used as a basis  where applicable. 
tion of the method of construction, cross-sect ional  sketches and drawings may 
be found i n  Appendix B. 

The knowledge gained in  contract  NAS 3-6009 and f r o m  the 
A general  descr ip-  

3.1. P re l imina ry  Designs fo r  Task I 

r 
I Nos. B-1, 2, and 3 were  of s imple construction with central  rod anode and 

annular ring cathode. 
anode a r e a ,  the rod  anodes w e r e  replaced by cylindrical  coils made of AZ31B 
Mg Exmet.  This modification was  beneficial and yielded longer cell life. The 
improvement  was  approximately proportional to the inc rease  in  apparent anode 
a r e a  in  cel ls  B-4 through B-7. This relationship was  held for  B-7 even though 
much of the additional area was  provided by the u s e  of external anodes in  con- 
junction with the central  coil. It is  surpr is ing that the proportionality between 
Nos .  B-6 and 7 remained a d i rec t  ratio since the change in  geometry permit ted 
discharge in two direct ions f rom the cathode ra ther  than the single-sided dis- 
charge of all of the preceding bobbin cells. 

Since all three  seemed shor t  of life because of insufficient 

Following these cells,  five designs (Nos .  B-8 to B-12) were  constructed and 
placed on discharge a t  -90" C. Unfortunately, the re f r igera tor  malfunctioned 
badly and permi t ted  the tempera ture  to  r i s e  as high as -66"C, with an average  
of about -81°C. Consequently, the tes t  resu l t s  a r e  of l i t t le value, except that 
they indicate that center  bobbins (B-10 and 11) seem to function poorly. Cell 
No. B-8, which had a center  coil of Mg Exmet surrounded by an annular ring 
cathode and a double Exmet  anode on the outside of the cathode, provided the 
longest  life. 

Because of the poor tempera ture  regulation, i t  was necessa ry  to build similar 
cel ls ,  B-13 through 16. The central  bobbin cathode with outside anodes (B-14) 
gave the poores t  resul ts ;  a central  s tar-shaped anode with ten longitudinal f ins 
and the cathode mix  between the separa tor  and the case  (B-15) provided the 
longes t  life, 6 2  hours  to 1. 3 volts. In this type of cell,  the cathode was in  the 
f o r m  of a thin-walled cylinder,  and the conductive case  served  as the collector. 
Since the B-15 configuration seemed to be the best, i t  was adopted for all subse- 
quent t e s t s  i n  this phase of the program. Any modifications to this bas ic  design 
will be explained in  the l a t e r  sections.  
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3 . 2 .  Electrolyte Studies a t  -90"  C 

t During the discharge of the Mg/KSCN/S type cel ls  the K 
a n  equivalent of Mgtt ion. 
be superior  to the init ialelectrolyte since the couple Mg/Mgtt is now defined. 
Spent electrolyte was used alone and in combination with virgin KSCN/NH, 
solutions. Some cel ls  were  activated with 3470 KSCN; others ,  with 2570 KSCN. 
The composition of the cathode was varied also.  The t e s t  resul ts  a r e  summa-  
r ized in  Table XVLI. 

ion i s  converted to 
The spent electrolyte [($Mg(SCNh] should by theory, 

TABLE XVII  

Electrolvte Studies 

Cell No. 
B- 

15 
17 
19 
23 
24  

2 7 ::: ::: 
30 
31 

26::;' 

S C 
7 0  Y O  -- 
7 0  30 
70 30 
50 45 
50 45 
50 45  
50 45  
50 45  
50 4 0  
50 40  

Acet. Blk. 
% 

0 
0 
5 
5 
5 
5 
5 

10 
10 

El e c t r  olyte 
( W t .  70 as KSCN) 

Virgin Spent 

34 
25 
25 

3 4  

3 4  
25  
34  
25 

5070 Virgin Hours to::< 
50% Spent 1.5V 1. 3v - -  

54 6 2  
36 6 3  
80 91 
66 7 3  

25 71 8 4  
56 67  
4 0  47 
6 8  76 
43  53  

The change to spent electrolyte in  B-17 was not beneficial .  
ing changes were made: 

In B-19, the follow- 

a .  Spent electrolyte was used. 

b. The proportion of graphite to sulfur was  increased .  

c .  570 acetylene black was added. 

d. The total cathode weight was  decreased  f rom 120 to 89 g r a m s .  

The combination proved to be good by increasing the cell  l i fe  to 91 hours  to the 



39 

1. 3 volt cut-off. The fact  that B-23 with virgin electrolyte r a n  only 73 hours  
indicates that the spent electrolyte was responsible for  pa r t  of the gain. The 
voltage under heavy load of B-23 r a n  from 0 .  2 to 0 .1  volt above that of B-19 
during the first 55 hours,  af ter  which it decreased  rapidly to  the 1. 3 volt cut- 
off a t  73 hours.  The use  of half-spent electrolyte in B-24 again demonstrated 
i t s  contribution by extending the cell life f rom 7 3  hours  to 84 hours.  

The m o r e  concentrated electrolyte (34% vs  25%) was shown to be much superior ,  
as may  be seen by a comparison of B-26 with 27 and 30 with 31. 
probable that a cell such as B-19 could be improved through the use  of a 34% 
spent electrolyte.  

'It s eems  

Attempts were  made to synthesize Mg(SCN), by the reaction of magnesium with 
a solution of NH4SCN in  liquid ammonia but there  is some doubt about the com- 
position of the reaction products. 
and a mixture  of 1 par t  of this to 9 par t s  of virgin KSCN solution was used in 
B-29. 
a r e  being considered. 

This electrolyte was used in  cel ls  B-20 and 21, 

None of these cel ls  discharged well. Other methods of preparing Mg(SCN), 

3 . 3 .  Ball-Milling of Cathode Mix 

The cathode ingredients were  mixed a s  a s l u r r y  in heptane in  a ball mill in o rde r  
to obtain a m o r e  intimate mixture  and, consequently, improved cell performance. 
After milling for  24 hours ,  the s l u r r y  was removed f rom the j a r ,  and the heptane 
was removed by evaporation. 
and packed into the cathode space of the cell B-26 in the usual manner .  

The resultant solt  cake was pulverized manually 

A comparison of the life of this cell with No. B-23 (Table XVII) shows a reduc- 
tion f r o m  73  hours  to 67 hours  under the same  discharge conditions. Although 
nothing was  gained by this ex t ra  milling procedure over the usual manual 
method, some advantage might be gained by a study of the effects of other 
mechanical devices.  
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3.4. Variations in Proportions of Graphite (C), Acetylene Black and 
Sulfur 

In the following table, the effects  of changes in  cathode composition a r e  shown. 
All  cel ls  were activated with 34 weight percent  KSCN in  ammonia and were  
discharged at -90" C. 

TABLE XVIII 

Cathode Composition Variations 
- 1  

Half-sized Cells: 

Cathode 
Cell No. S C Acet. Blk. Cath. W t .  Density Hours to:% F / m o l  

70 70 70 Total gms.  g / in .3  1. 5 v  1. 3 v  Sulfur - -  -- B- 

15 70 30 
25 50 50 
23 50 45 
30 50 40 
32 50 0 

Full - sized Cells: 

50 50 40 
51 50 40 
52 40 50 
28 50 30 
52 40 40 

0 
0 
5 

10 
50 

10 
10 
10 
20 
20 

120 
89 
89 
96 
70 

192 
192 
192 
192 
192 

11. 8 54 6 2  
8 .7  51 51 
8 .7  66 73 
9 . 4  68 76 
6 . 9  67 75 

9 . 4  56 61 
9 . 4  6 2  69  
9 . 4  61 6 8  
-7.9 53 57 
7 . 9  59 59 

0 .08  
0.  12*:% I 

0. 17 
0 .17  
0 .22  

0 .  13 
0. 15 
0. 18 
0. 14 
0. 19 

*Under heavy load. 
**Between the 51st and 53rd hours,  the discharge curve dropped 0 .45  volts 

under heavy load-reason unknown. 

It is  apparent that acetylene black improved the efficiency of sulfur  utilization 
and the cell life of the half-sized cells. About the same  number of hours  w e r e  
obtained with 5, 10 and 50 percent  acetylene black, and all of these ce l l s  pe r -  
formed better than the cathodes containing 50 percent  acetylene black, yielded 
the highest efficiency and a 75-hour l i fe  to 1. 3 volts .  However on that cell,  
the powders were  very difficult to mix and pack i n  the d r y  s ta te ;  s o  they were  
mixed in heptane, 
separa tor  cup was forced down into position through the s l u r r y .  Finally, the 
cell  was  dried in a vacuum chamber f o r  two days before  activation. 

the s l u r r y  was  poured into the c a s e  and then the anode in its 

The cathode 
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of B-30, with 10 percent acetylene black, seemed to be about the bes t  based on 
handling qualities of the mix and coulombic output of the cell.  
composition and degree of compaction cannot be determined with such a limited 
number of experiments.  

The optimum 

3 .5 .  Task I. B. ,  Construction of the Five (5) Ammonia Cells Most 
Likelv to Operate a t  -90°C fo r  72 Hours 

The specifications f o r  the construction and testing of the subject cel ls  were  
submitted to and approved by the Project  Manager. 
and Figures  9 and 10. 

These a r e  given in  Table XIX 

TABLE XIX 

Task I. B. , Construction/Load Specifications 

CATHODE: Sulfur (g rams  / 70) 96 / 50 
Carbon (grams/%)  77/40 
Acetylene black (g rams  / yo) 19/10 I 

Total cathode wt. ,  g rams  192 
Thickness of annular ring (in. ) 0 .  30 
Length (in. ) 1 3 .  5 
Collector CAB-XL Case 

ANODE: AZ31B Mg Sheet 
Apparent Area  (cm2 ) 

ELECTROLYTE (liquid NH, solvent): 

KSCN (weight %) 
Volume (cc )  

10 longitudinal fins 
3 54 

34 
57 5 

NET CELL VOLUME (in. ,) 43 

LOAD (0): 2.7  for  6 mins .  
13. 5 fo r  54 mins.  

The first s e t  of five (5) cel ls  (Nos .  B-33 to 37) tested under this requirement  
provided an  average life of 61 hours, with a maximum of 70 hours and a minimum 
of 53 hour s  under heavy load to the 1 . 3  volt cut-off. 
by tamping with a rod, an unsatisfactory method for  a full-sized cell.  
resul t ,  only 170 g r a m s  were  used, ra ther  than the 192 g rams  desired.  

The cathodes were  packed 
As a 
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To simplify and improve the packing, an annular s leeve piston was fabricated 
to p r e s s  the cathode mix into place. In building B-42, 24 ten g r a m  (240g total) 
increments  of the m i x t u r e  w e r e  added. To each addition, the maximum manual 
p r e s s u r e  was applied, and it was  found that the depth of each increment  was  
ve ry  constant at 9/16 inch, for a total of 13.5 inches.  
hours  indicated that this cathode was too dense.  
yielded only 0.10 faraday pe r  mol .  

A run t ime of only 61 
The l a rge  quantity of oxidant 

Therefore,  in the second s e t  of five (5)  cel ls  (B-43 to 47), 192 g r a m s  of the 
cathode mix  were used.  
with the piston to l/lOth of the total depth of 13. 5 inches.  
average l ife of 64 hours  was achieved, with a maximum of 77 hours  and a 
minimum of 58 hours .  

Each of ten 19.2 g r a m  portions was added and p r e s s e d  
When discharged,  an 

'I 
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LtAD CONNECTED 
TO ANOE-CONN- 
ECTION COVERED 
WITH SILICONE 
RUBBER (RTV-I 12) 
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4 

MAX. 
Figure 10 

ANODE DESIGN 
Contract  NAS 3-8503  
T a s k  I-B 
Livingston Electronic Laboratory 
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3 .  5.1. External Resis tance 

Resis tance measurements  indicated the need to employ double lead wi re s  
between the cel ls  and the loads and more  collector c lamps on the cases .  
modifications w e r e  adopted i n  subsequent ce l l s  a s  shown i n  Table I1 of the 
Appendix. 
improvement,  par t icular ly  in  the maximum voltage under heavy load. The 
average increased  f rom 1 .72  to 1 .79  volts. 

These 

A comparison of cel ls  B-50 and 51 with B-43 to 47 shows a modest  
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3.6.  Mercuric  Sulfate/Sulfur Cells I 
I 

In an  attempt to extend the cell life beyond that achieved in  Nos. B-43 to B-47 
and to exceed, if possible, the goal of 72  hour operation, experiments were  
conducted with HgS04 as an additive to the S / C  cathode. 
cel ls  were  tested in  the cur ren t  configuration which uses  an outer annular 
cathode and a finned anode in the center .  
along with those of two cel ls  T-60 and T-119 built under Contract NAS 3-6009. 
The la t te r  cells  had center bobbin cathodes surrounded by cylindrical sheet  
anodes . 

A number of such 

The resu l t s  a r e  given i n  Table XX ' I  

1 
TABLE XX 

Mercur ic  Sulfate/Sulfur Cells 

Cell HgSO, S Graphite Acet. blk. Cath. wt. Wt. yo Temp. Hours to* 
" C  1.5V 1.3V N o . L L L L  g KSCN 

, 

-- 
B-56 53 
T-60 106 

B-55 106 
T-119 106 

B-54 10 
B-58 10 
B- 59 20 

B-57 a 
B-6 2 b 

B-61 10 
B-6 0 10 

10 
20 

20 
20 

48 
48 
96 

48 
48 

48 
48 

45 
60  

90 
60 

38 
38 
77 

38 
38. 5 

38. 5 
38. 5 

5 
0 

10 
0 

10 
10 
19 

10 
9 . 5  

9 . 5  
9 . 5  

113 
186 

2 26 
186 

106 
106 
212 

96 
96 

106 
106 

25 
25 

34 
34 

34 
34 
34 

34 
34 

34 
34 

-63 68 
-63 106 

-90 59 
-90 21 

-90 101 
-90 96 
-90 95 

-90 64 
-90 71 

-63 158 
-40 97 

76 
119 

7 2  
27 

113' 
106' 
111 

84' 
82' 

176' 
127' 

*Under heavy load. 
aThe electrolyte was saturated with HgS0, (about 0.10100) 
bSeven (7) g rams  of HgSO, were  wrapped and sealed i n  a cylindrical capsule of 

'Half-sized cells: the resis t ive loads were  adjusted accordingly.  
Webril separator  paper and placed i n  the anode compartment.  

Cell No. B-56, containing the same ra t io  of HgS04 to S as T-60, was  tested at 
-63°C to compare the per formance  in the two configurations. 
and acetylene black were  added to extend the cathode length and thereby uti l ize 

Additional graphite 
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comparable anode a r e a s .  B-56 was definitely infer ior  to T-60 and did not 
mee t  the 72 hour requirement to the 1. 5 volt cut-off. On the contrary,  the 
use  of the cur ren t  configuration i n  B-55 a t  -90°C yielded resu l t s  that were  
far superior  to those obtained f r o m  cell No. T-119. 

9 . 5  percent  HgS04 was added to the S / C  cathode of cell  No. B-54. 
mance of this cell represents  an outstanding improvement in  life at -90°C; 
101 hours  to 1. 5 volts and 113 hours  to 1. 3 volts. Excellent replication was  
achieved with B-58, another half-size cell, and with B-59, a similar full-sized 
cell.  
as long as those having it in  the cathode, but they were  much bet ter  than the 
two preceeding groups of five (B-33 to 37 and 43 to 47) which did not contain 
any HgS04.  

The perfor-  

Nos .  B-57 and 62  which had HgS04 in  the anode compartment did not run 

Nos. B-61 and 60 were  discharged a t  -63" C and a t  -40" C, respectively, to 
determine the performance character is t ics  of the HgS04/ S cathode at higher 
temperatures .  The resu l t s  were  beyond all expectations; 158 hours  at -63" 
and 97 hours  a t  -40" to an end voltage of 1. 5. 
HgSO,, r a n  a t  -63" f o r  53 hours  to 1.5 volts (B-38 and 39) and a t  -40" for  91 
hours  to the same  end voltage (B-40 and 41). 

Sulfur/carbon cathodes, without 

3 . 7 .  Task II, Design 

A self-contained ammonia cell,  excluding activator, was designed f o r  the pur-  
pose of fabricating a number of such cells for  t e s t  o r  delivery to NASA. 
advantages and disadvantages of the various features ,  as depicted i n  numerous 
pre l iminary  sketches,  were  discussed with LEC personnel and the Pro jec t  
Manager .  The cell which m e t  with the approval of all concerned is i l lustrated 
by drawings B-1227, B-1228, A-1238, and A-1239 and is fur ther  defined by the 
Parts and Mater ia ls  List; all of which may be  found in Appendix B, together 
with a general  description of the method of construction. It was designed to 
accommodate e lectrodes of the type used in cell B-59 and to per form i n  
accordance with the contract  specifications. 

The 

3 .8 .  Task 111, Tes t  and Redesign 

Two mockup cells,  B-63 and 64, were  constructed, based on the approved 
design f r o m  Task 11. 
decided to  evaluate the units by activation and discharge a t  -73°C. 
w e r e  m o s t  gratifying: 
r a n  87 hours  to 1. 5V, 97 hours  to 1. 3V. 
found in  Table II of Appendix A. 

Since the assembly procedures  were  satisfactory, i t  was  

Cell B-63 r a n  81 hours  to 1. 5V, 101 hours  a t  1. 3V; Cell B-64 
The resu l t s  

Additional data on these cel ls  m a y  be 
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4. F U T U R E  WORK 

Task III-A wil l  be completed next month by building and testing five cel ls .  
The design will  be based on the approved design drawings f rom Task 11. In 
this first set  of five cells,  the anode mus t  be fabricated f rom shee t  and rod 
stock. As soon as the extruded anodes become available, the second group 
of five cells will be constructed and tested to satisfy the requi rements  of 
Task 111-B. 

, 
The delivery date of the anodes was est imated by the manufacturer  

to be October 19, 1966. 'I 

In addition, the cathode formulation will be improved if possible by testing a 
s e r i e s  of cells covering a broad range of HgS04 content. - 1  
In other cells, substitutes for  the "s tar"  o r  finned anode will be tested.  One 
will be a simple 1 / 2  inch d iameter  rod; another will be a 1-1/4 inch d iameter  
cylinder with numerous holes for  electrolyte passage. 
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a. 

b. 

C .  

d .  

e .  

f .  

g *  

j. 
k .  

kk . 

1. 

m.  

n.  

nn . 

0 .  

P. 

9. 

r .  

5. 

NOTES TO TABLES 

Loads shown a s  A/B  rep resen t  cyclic loads of A 0 f o r  6 minutes and B 5) 
fo r  54 minutes.  

Cumulative hours  based on heavy load. 
hours  to 1 . 5  volts and B hours  to 1. 3 vol ts .  

Based on l ighter load. 

Based on heavier  load. 

Based on "apparent" anode a r e a .  

Mg rod, 1 /2"  d ia . ,  finned and fluted. 

Mg rod, 1 /2" dia. , four 1 / 8 "  x 1 /8" ver t ica l  f lutes .  

Hours shown as A/B  rep resen t  A 

MATERIALS IDENTIFICATION 

HgS04. A. R.  Grade; Mallinckrodt Chemical Works, St. Louis, Mo. 

Sulfur. Sublimed, Merck & Co. ,  Inc. ,  Rahway, N .  J .  

Sulfur.  N. F. Sublimed powder, Matheson, Coleman & Bell, Norwood, Ohio 

Carbon. Air spun graphite,  Type 200-44; Jos .  Dixon Crucible C o . ,  J e r s e y  
City, N.  J .  

Binder. 

KSCN; Reagent; B 8~ A. Code 2144; Allied Chemical Co., New York, N. Y .  
LEC Lot No. 8. 

KSCN; Reagent; B & A. Code 2144; Allied Chemical Co . ,  New York, N. Y .  
LEC Lot No. 9.  

KSCN; Reagent; F i she r  P-317, Lot No. 743879, F i s h e r  Scientific C o . ,  
Pit tsburgh, P a .  LEC Lot No. 7 .  

P u r e  Mg sheet.  Dow Chemical C o . ,  Midland, Michigan. 

AZ31B Mg sheet .  Dow Chemical C o . ,  Midland, Michigan. 

Silver-plated copper Exmet .  Exmet Corp.  , Bridgeport ,  Conn. 

Polystyrene dissolved in  toluene; (1. Og/100 m l ) .  

Manufacturer ' s  Designation: 20 Cu 30-2/0 

Original metal  thickness,  20 mils Strand width, 30 mils 
Metal symbol, Cu (copper)  Mesh designation, 2 /0  

Copper Exmet .  Exmet  Corporation, Bridgeport ,  Conn. 

Manufacturer ' s  Designation: 20 Cu 30-2/0 

Original metal  thickness,  20 mils Strand width, 30 mils 
Metal symbol, Cu (copper)  Mesh designation, 2 /0  
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NOTES TO TABLES 

MATERIALS IDENTIFICATION 

I 

t. SM-91 Polypropylene non-woven fabric;  .005" thickness pe r  l aye r .  
The Kendall Co. ,  Walpole, Mass .  

M-1365 non-woven acetate  & cotton; 0 .  004"/layer. 
Walpole, Mass .  

u .  The Kendall Co. , 

v. MPR-Microporous rubber;  .030"/ layer .  American Hard  Rubber C o . ,  
Butler,  N. J. 

w. Copper Exmet,  si lver-plated after having been cut to s i ze .  

Manufacturer ' s  Designation: 20 Cu 30-2/0 

Original metal thickness,  20 mils Strand width, 30 mils 
Metal symbol, Cu (copper) Mesh designation, 2 / 0  

ww. Copper Exmet,  gold-plated af ter  having been cut to s ize .  

Manufacturer ' s  Designation: 20 Cu 30-2/0 

Original meta l  thickness, 20 mils Strand width, 30 mils 
Metal symbol, Cu (copper) Mesh designation, 2 /0  

x. P u r e  Silver Exmet .  

Manufacturer ' s  Designation: 5 Ag 8-1 /O 

Original meta l  thickness, 5 mi l s  Strand width, 8 mils 
Meta l  symbol, Ag ( s i l ve r )  Mesh designation, 1 /O 

xx. L e a d E x m e t .  

Manufacturer ' s  Designation: 25 Pb 25-1 /O 

Original meta l  thickness, 25 mils Strand width, 25 mils 
Metal symbol, P b  (lead) Me sh  de signation, 1 / 0 

y. AZ31B Mg Exmet .  

Manufacturer ' s  Designation: 16 Mg 30-2/OE 

Original meta l  thickness,  16 mi l s  Strand width, 30 mils 
Metal  symbol, Mg (magnesium) Mesh designation, 2 /OE 

yy. Aluminum collector,  0.020" thick, Lincaine perforations,  I tem 33, 
Reynolds Aluminum Company. 

z .  P o r o u s  polyethylene tube, Bel-  A r t  Products  , Pequannock, N. J. 
100 mic ron  pore  s ize ,  1 .0"  0. D. x 5/8" 1. D. 

z z .  Aluminum Exmet. 

Manufacturer ' s  Designation: 20 Al 40-1 /O 

Original metal thickness, 20 mils Strand width, 40 mils 
Meta l  symbol, Al (aluminum) Mesh designation, 1/0 



TABLE I 

ELECTROCHEMICAL CELL TESTS 

Discharge Temperature:  -90" C Polyethylene Bag Vehicles 
Pas t ed  P la te  Configuration Cathode Collector: Silver-plated Exmet 

Cathode Binderm: 
Electrolyte: 34 Wt.  '?& KSCN i n  liquid ammonia I 

0.  2g Po l  s tyrene in  20 cc Toluene for  Std. 36g Cathodes x 
Cell No. P- 

Major Variables 

b 
Hours  to End Voltage 

Cathode: HgS04 

Cathode: Sulfur 

(1 .5 /1 .  3V) 

(g) 

(g) 

Cathode: Carbon (€!I 

j 

k 

1 

Cathode: P a p e r  Pulp (g) 

Separator  Thickness (in.  ), M1365U 

Separator  Thickness (in.  ), MPRV 

Anode Area  (cm') AZ31B Mg 

Anode Reference AZ31B Mg 

Cathode Collector A r e a  fcm2)  

Volume Electrolyte  (cc)  

Net Cell Volume (in.3) 

Loada (ohms) 

Initial Closed Circuit Voltage 

Peak Closed Circuit  Voltage' 

End Voltage (heavy load) 

End Voltage (light load) 
d Peak Current  Density (mA/cm2) 

Obs. Coulombs /g  Total Oxidants 

Observed F/mol Total Oxidants 

Observed F/mol Sulfur 

Observed F/mol HgSO, 

Watt  Hours/ in .  Net Cell 

Termina l  0. C. V. (at hours /V)  

C 

46 47 51 54 

Same 
Thin Cathodes as Thick Cathode .I 

P-52 - 
No MPR 

I 

37 /49 31/48 61/70 20/ 30 

5 5 20 100 

1 1 4 20 

3 3 12 60 

I 

I 

210q 2109 210q 2109 

21 ow 210W 21OW 21 ow 
e-- - - -  e - -  - - -  

100 100 100 t 50 350 

7 . 5  7 . 5  7 . 5  27 

481 240 481240 13 .5 /68  2 .7113 .5  

2 .  24 2. 23 2. 24 2. 14 

2. 24 2. 23 2.  25 2 . 2 1  

1 .  30 1 .  30 1 .  30 1 .  30 

1 . 6 5  1 . 6 2  1 . 6 1  2.04 
~~~ - -~ ~~~ ~ 

0 . 2 2  0 . 2 2  0 .  76 3.  42 

304 298 393 165 

0 .39  0 .  38 0 .  51 0 . 2 1  

0 . 6 0  0 .59  0 . 7 8  0 . 3 3  

1. 13 1 . 1 0  1 .45  0 . 6 1  

0 .12  0 . 1 2  0 . 6 2  0 .  36 

i i 9 / 0 . 9 5  i19 /1 .05 .  140/0 .95  7 4 ~ 2 . 2 8  
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Prismatic Configuration CODE 

c )  Based  on l ighter  load 
d) Based on heavier load 
q) Solid shee t  

v) Microporous Rubber 
w) Ag-plated Copper Exme 
x) Pure Silver Exmet 
y) Exmet 

~ 

55 56 57 58 

Added ex t r a  anodes 5- 
along two edges M P R  el e ct rode Wt.  ra t io  

Anodes a t  edges cel l .  See 
Regular sealed res  ear c.h s:c = 5 . 7  Edge 

Anodes 
Loaded Loaded text. 

011 10113 341 40 251 57 53/89 

20 

4 

12 

- - -  

4 4 

12 12 

0 

21 

3.7 

--- 
0.020 - - -  0.020 0.020 

16’ 21 04 21 04 105’ 210q 

regular  edge 9 l‘, 1y 

21OW 21OW 21OW 105w 21OW 

100 150 250 100 

7 . 5  10 17 7 . 5  

13.5168 13. 5/68 13. 5/68 13.5168 

2 .  09 2.12 2. 25 2 .21  1 . 9 5  

2 .09  2 . 2 4  2.  27 2. 24 1 . 9 8  

1 .  30 1 .  30 1 .  30 1 .30  1. 30 

2. 05 2. 04 1.  52 1 .67  1 . 8 2  

6 .  32 0 . 7 5  0 .78  1.46 0 .62  
- 

72 2 26 318 5 26 

0 .09  0. 29 0 . 4 1  0 .17  - - -  
--- 0.  14  0 . 4 5  0 . 6 3  0 .17  

- - -  0 .  27 0.83 1.18 --- 
0 .11  0. 27 0 . 2 2  0 .67  - - -  

140/1 .94  - - -  1 4 5 h . 1 5  7310.89 - - -  
- - _  
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Cell NO. P- 

I TABLE I 
I 

59 60  61 6 2  

1 ELECTROCHEMICAL CELL TESTS 

b 
Hours  to  End Voltage (1. 5/1. 3V) 

Cathode: HgSO? (g) 

Cathode: Sulfur (g) 

Cathode: Carbon (g)  

Cathode: P a p e r  Pulp (g) 

k 

1 

Separator  Thickness (in.  ), M1 365' 

Separator  Thickness (in.  ), MPRV 

Anode Area  (cm2) AZ31B Mg 

Anode Reference AZ31B Mg 

Cathode Collector Area (cm2) 

Volume Electrolyte (cc) 

Net Cell Volume (in.j) 

Loada (ohms) 

Initial Closed Circuit Voltage' 

Peak  Closed Circuit  Voltage' 

End Voltage (heavy load) 

End Voltage (light load) 
d Peak  Current  Density (mA/cm2) 

Obs. Coulombs/g Total Oxidants 

Observed F /mol  Total Oxidants 

Observed F / m d  Sulfur 

Observed F /mol  HgSO, 

W a t t  Hours/ in .  Net Cell 

Termina l  0. C. V. (at hours/V) 

Discharge Temperature:  -90°C . Polyethylene Bag Vehicles 
Pas ted  Plate  Configuration Cathode Collector: Silver-plated Exmet 

Cathode Binder 
Electrolyte: 34 Wt. '$I KSCN i n  liquid ammonia 

m 
: 0.  2g Polzstyrene i n  20 cc  Toluene for  Std. 36g Cathodes 

I 
55/56  7 3 / 8 2  40 /64  24/26 

20 20 5 . 9 5  0 

4. 4 1 .19  1 1 . 0  

1 2  1 2  3 .57  1 1 . 0  

- - -  - - -  - - -  - - -  
0 . 0 2 8  0 . 0 2 8  0 . 0 2 0  0 . 0 0 8  I 

- - -  - - -  0 .030  - - -  
2109 21 oq 2109 2109 

21OW 21OW 21OW 21 ow 
_ - -  - a -  - - -  - - -  

100 100 100 100 

7 . 5  7 . 5  7 . 5  7 . 5  

13 .  5 /68  13 .  5 /68  48/240 1 3 .  5 /68  

2 . 2 2  2. 22 2 . 2 0  1 . 9 4  

2.  24 2 .  24 2 . 2 0  2 . 0 0  

1 .  30 1 .  30 1 .  30 1.  30 

2.  08 2 . 0 1  1 .  50 1 . 8 0  

0 . 7 5  0 . 7 5  0 . 2 2  0 . 6 4  

145 31 2 4 3  1 7 26 

0 .  19 0 . 4 0  0 .  56 0 .  24 

0 .  29 0 . 6 2  0 . 8 6  0 .  24 

- - -  0 . 5 4  1 .  1 5  1 . 5 9  

0 .  23 0 . 4 9  0 . 2 0  0 . 4 9  

9 2 / 2 . 2 2  9 2 / 2 .  25 102 /1 .  30 1 0 2 / 1 . 6 4  

Major Variables 
Separation Thin Separation 
7 l aye r s  Cathode 2 l aye r s  
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P r i s m a ti c Conf i gu r at ion' CODE 

c )  Based  on l ighter  load 
d) Based on heavier load 
q) Solid sheet  x) P u r e  Silver Exmet 

v) Microporous Rubber 
w) Ag-plated Copper Exmet 

y) Exmet 

6 3  65  66 69 70 

*g of gr id  3-Electrode Cell Single 
Exmet P a s t e  Grid anode 
Collector facing facing Sulfur Carbon 

Paste on one side 

discharge 1 

I (4 anode anode electrode electrode 

54/66 42/47 67 I69 811202 25 54/85 

20 20 20 0 0 0 

4 4 4 21 0 21 

12 12 12 3 .7  16 3 . 7  

21 oq 105' 105' 105' 105' 105q 
- - -  - - -  - - -  (9) ( d - - -  

21 ox l O t j w  105w 1 05w 105w 105w 

150 150 150 150 150 150 

10 10 10 10 10 10 

13. 5 /68  13.5168 13 .5 /68  13 .510 .  C. 6 8  13. 5 /68  

2.21 2 .22  2 .22  1.61d 1.41 1. 85 

2 . 2 2  2 . 2 2  2. 24  1 . 6 5  1.41 1 . 9 1  

1 .  30 1 .  30 1 .  30 1 .30  - - -  1. 30 

d 

1 . 4 9  . 1 . 5 9  1 . 4 7  2 .05  0. C. 0 . 6 5  1 .77  

0 . 7 7  1. 51 1 .  52 1 .16  - - -  1. 1 4  

36 6 26 0 385 377 64  49 0 

0.16 0 .47  0 . 3 4  0 .  50 0 .13  

0 .  7 3,. 0 .  52 0.74 0 .  13  - - -  0.  16 

1 . 3 5  0 . 9 6  1 . 4 2  

0 . 4 3  0 .  30 0 . 4 5  0 .  32 - - -  0.46  

- - -  

- - -  - - -  - - -  

7 3 / 1 . 7 3  741 1 .47  741.1.47 311/2.03 311/1.82 23711. 19 
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I 

I TABLE I 

Cell No. P- 

ELECTROCHEMICAL CELL TESTS 

71 7 2  73 74 

b 
Hours  to End Voltage (1. 5 /  1 .  3V) 

Cathode: HgSOi  ( g )  

Cathode: Sulfur (g) 

Cathode: Carbon (g) 

k 

1 

Cathode: P a p e r  Pulp (g) 

Separa tor  Thickness ( in .  ), M1365U 

Separa tor  Thickness (in.  ), MPRV 

Anode Area  (cm’) AZ3IB Mg 

Anode Reference AZ31B Mg 

Cathode Collector Area (cm2) 

Volume Electrolyte  (cc) 

Net Cell Vo lume  (in.3) 

Loada (ohms) 

Initial Closed Circuit  Voltage‘ 

Peak Closed Circui t  Voltagec 

End Voltage (heavy load) 

End Voltage (light load) 
d Peak Cur ren t  Density (mA/cm’) 

Obs. Coulombs/g Total Oxidants 

Obeerved F/mol Total Oxidants 

Observed F / m d  Sulfur 

Observed F/mol HgSO, 

Watt Hours/ in .  3 Net  Cell 

Termina l  0. C. V. (a t  hours /V)  

Major Variables  

~~ ~ 

11/13  17/19 See text 41 27 

40 40 0 0 

8 8 63 21 

24 24 11 .1  3 .7  

- - -  0 . 7 2  

0.020 0 .020  0.020 0 .020  

- - -  - - -  

- - -  - - -  - - -  - - -  
105q 105’ 1 05q 105’ 

- - -  (4) (4)  (Y) 

105w 105w 31 5w 105x 

150 150 200 130 

10 10 21 9 

6.75134 .6 .75/34 4. 5122.7 13.5168 

1 . 9 7  2 .  13 1 . 7 8  1 .68  

2.00 2 .  18 1.  90 1 .  83 

1. 30 1.  30 0 . 6 8  1.  30 

1 . 9 0  1 . 7 8  1.61 1.76 

2 . 6 7  3 .02 3 . 0 2  1 .15  

68 104 - - -  153 

0 .09  0.  14 - - -  0.  05 

0 .13  0.21 - - -  0 .  05 

0 .  25 0 . 3 9  

0 .  15 0.  24 - - -  0. 16 

16311.89 I .  6 3 / 1 . 0 5  21312.01 9312.00 

- - -  - - -  

I 114” Cathode 
Single Anode 

5-electrode Single Anode 
r e  s ea rch  Ag Exmet 

Discharge cell .  3 collector 
cathodes. (4 
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Prismatic Configuration CODE 

c )  Based  on l ighter  load 
d) Based on heavier load 
q) Solid sheet  X) Pure Silver Exmet 

v) Microporous Rubber 
w) Ag-plated Copper Exmet 

y) Exmet 

75 76 77 78 79 

2-Anodes 
Ag Exmet Sulfur: Carbon Weight Ratio: 
collector 

(XI 2. 3 3  2.  33 1. 50 1.50 

0156 991141 100/120 93/103 94/ 106 

0 0 0 0 0 

21 17 47 14 14 

3 .7  7 . 3  7 . 3  9 . 3  9 . 3  

- - -  - - -  - - -  - - -  - - -  
0.020 0.020 0.020 0.020 0.020 

21 09 21 oq 21 09 21 09 210q 

21 ox 21OW '21OW 21 ow 21OW 

130 125 125 125 125 

9 9 9 9 9 

1 3 . 5 / 6 8  13 .5 /68  13 .5 /68  13.5168 13 .5 /68  

1 . 6 3  1 . 9 7  1 .97  1.  98 1.97 

1 . 8 0  1 . 9 9  1 .99  2 .00  2 . 0 0  

1. 30 1. 30 1.  30 1.30 1. 30 

1 .77  1 .  52 1 .73  1 . 6 8  1.67 

0 . 4 9  0 .  70 0.70 0.70 0 .70  

31 2 1035 882 918 945 

- .  

. ..- - 

0 .10  0 . 3 4  0 .  29 0.  30 0 .  31 

0.10.- 0 .34  0 .  29 0 .  30 0. 31 

- - -  - - -  - - -  - - -  - - -  
0.  31 0 .  90 0 .77  0 . 6 5  0 .67  

93 /1 .98  165/1.  54 165/1.55 165 / i .  06 165/1.10 
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Cell  No. P- 

TABLE I 

80 181 82 83  84 
Research  

Cell Acetylene Black 

ELECTROCHEMICAL CELL TESTS i 

S e e T e x t . ,  

W Discharge Temperature:  -90°C Cathode Collector: Silver -plated Exmet  
Pas t ed  Plate Configuration 
Cathode Binder : 0.2g polystyrene in  20cc  toluene 
1M-1365 Separator:  5 l aye r s  at 0.004" per  layer  
Electrolyte: 34 Wt. 70 KSCN" i n  liquid ammonia 

Polyethylene Bag Vehicles 
m 

Hours  to End Voltage b (1.5/ 1.3V) 36 /47 85/118 

I I I 

82/121 80/87 ' 83/108 
> 

I 

Major Variables  

1 

30% Carbon 15% Carbon 3 Cath. 1 I 4 Anodes i I 

K Cathode: Sulfur (g) 63 / 21 21  1 7  
, (a)  1 1 . 1  : 3 . 3  2.9 6 .6  1 Cathode: Carbon 

Cathode: Acetylene Black ( g )  10.4 0.8 0.7 
I 

I I 
Cathode: Pape r  Pulp ( a )  I 

Anode Material:  AZ31B Mg Sheet' 1 I J q  2 4  2 4  
Exmet' 3 

Anode Area (cm') 420 210 210 210 

17 

5.9 

1 .4  

2 q  

210 

Watt H ~ u r s / i n . ~  Net Cell 0. 38 0.80 10.81 I O .  56 0.73 

Terminal  0. C. V. (at Hours/V) 1 167/1.g5 1146/1.82 1146/1.70 I146/1.50 I146/1.55 

Temperature  O C Maximum -89. 1 - 7 4 . 5  -74 .5  - 7 4 . 5  -74.5 

Temperature  'C Minimum -90.2 -89.8 -89.8 -89.8 -89.8 

'Temperature 'C (Time Weighted)Ave. -89.7 - 8 7 . 0  -87 .0  -85.5 -88 .8  
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I 
1 

Prismatic Configuration 

i 
I 

8 5  86 8 7  88 1 89 90 91 92 
I 

7.3 . 7 .3  3.7 3.7 ; 3 .3  2.9 , 6.6 
I 

i 0 .4 , 0.8 ’ 0.7 
I 

P a p e r  Pulp  Acetylene Black 
! 

5.9 

1.4 

, 
3070 Carbon ! 1570 Carbon 3070 Carbon 

7 .5  , a .  5 8 9 7 . 5  7 .5  7 . 5  
1 

7.5  

I I 

2.01 1.99 1.97 . 1 . 9 5  i 1.96 ; 1.96 j 1.98 1.99 
1 1 

1 .  30 1.30 1. 30 1.30 , 1.30 1.30 1.30 1 1.30 

1.73 1.73 1.72 j 1.85 1.87 , 1.89 1.86 1.80 

0.63 0.64 0.62 ~ 0.60 0.60 0.62 0.62 0.65 

1 1 

- --. - _ -  - I +- 

1 

6 57 8 00 590 405 422 4 99 1 584 631 
I 

I 

0.22 0.27 0.20 0. 13 0. 14 . 0.17 0.19 , 0.21 

0.69 0.73 0.71 0.43 j 0.  54 0.63 1 0 . 6 0  f 0.66 
I I 1 

136/1.80 ,136/1.72 136/1.80 i 136/1.69 1119/2.02 i 119/2.04 \ 119/1*98 1 119/1-96 

-88.6 -88.6 -88.6 -88.6 -89 .1  -89.1 -89.1 -89.1 

-90.9 -90.9 -90 .9  -90.0 -90 .8  -90 .8  -90 .8  -90.8 

-89.6 -89.7 -89.6 -89. 2 -90 .1  -90.1 -90.1 -90.1 
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Cell  No. P- 

TABLE I 

93 4 94 95 96 97 
Research Single Anode 

ELECTROCHEMICAL CELL TESTS- P r i sma t i c  eonfiguratioi? 

Discharge Temperature:  -90°C Cathode Collector: Silver -plated Exmet W 
- _  
*asted Plate  Configuration 
Cathode Binder : 0.2g polystyrene i n  20 cc toluene 
M-1365 Separator :  
Electrolyte: 34 Wt. 70 KSCN in  liquid ammonia 

Polyethylene Bag Vehicles 

5 l a y e r s  at 0.004" per  layer  

Major Var i aUes  

- 

Replicates of 
3 Cath. 5-1 /4" Cel ls  P-76 & 77 
6 Anodes Holes 

Observed F / m o l  Sulfur 0.11 0.14 0:13 0.26 0.19 

Watt H ~ u r s / i n . ~  Net Cell  0.46 0.45 0.42 0.83 0.61 

119/1.74 119/1.79 119/1.86 119/1.76 

Tempera ture  "C Maximum -87.3 -19.8 -79 .8  - 7 9 . 0  -79.8 

Tempera ture  " C  Minimum -88.7 -88.5 -80.5 -88 .5  -88.5 

Tempera tu re  "C(T ime  Weighkd)Ave. -88.0 -84 .5  -84.8 -04.4 -04.4 



A-12 

Cell No. P- 

Major Variables 

Hours to End VoltageD (1.  5 /1 .  3V) 

Cathode: Sulfur k (g/%) 

Cathode: Carbon (g/%) 

lititial Closed Circuit Voltage 

Peak Closed Circuit Voltage 

End Voltage (Heavy Load) 

End Voltage (Light Load) 

Peak Current  Density (mA/cm2) 

Observed Coulombs/g Sulfur 

1 

C 

C 

d 

Observed F /mol  Sulfur 

Watt H ~ u r s / i n . ~  Net  Cell 

Terminal 0. C. V. (a t  Hours/V) 

Temperature,  O C (Maximum) 

Temperature ,  " C (Minimum) 

Temperature ,  c (Time weiahted Ave. ) 

Residual Electrolyte Volume, (7'0 

Corrosion of Collector 

Elapsed Time, Hours 

TABLE I 

99 100 101 I 
-63" -63" -63" 

No holes in anodes 
W 

Silvek-plated copper Exmet collCctors 

51/75 42/50 44/54 

21/85 17/70 17/70 

3 .7 /15  7 .  3/30 7 .  3/30 

2. 07 2.06 2 .  03 

2. 08 2 .  06 2 .  03 

1. 30 1.  30 1 .  30 

1 . 6 4  1 . 6 4  1 .64  

0 . 7 0  0 .69  0 .70  

456 40 1 

0 . 1 3  

I I 374 
0 . 1 2  

0. 50 1 0 .33  0 . 3 5  

116/1.541 89 /1 .52  8 9 / 1 - 5 6  

I -64 .0  -64.0 -64.0 

-66. 2 1 -65.2 -65 .2  

-65 .1  -64 .6  -64.6 
i 
I 90 90 50 

Severe Severe Moderate 

119 I 118 118 

ELECTROCHEMICAL CELL TESTS- 

m 
Cathode Binder : 0.2g polystyrene in  20 cc toluene Polyethylene Bag Vehicles 
M-1365 Separator : n 
Electrolyte: 34 wt. (7'0 KSCN in liquid ammonia - 125 cc  pe r  cell 
Anodes: AZ31B Mg Sheetq-2 per  cell Area = 210 cm2 
Cathode Collector Area = 210 cm2 
Nine 1/4" holes were  dril led in  the anodes of all cells,  except P-100 and 101. 

U 
5 l aye r s  a t  0.004" pe r  layer  

Net Cell Volume = 9 in.3 Loada (G) = 13. 5 /68  
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-63" -63" -63" -63" 

Silver-plated copper Exmet collectorsW 

66/75  38/48 28/49 49/75 

Prismatic Configuration 
~ 

-63" -6 3" -63" -40" 
Per fora ted  Al 

p b  E m e t  CollectorXX Collectors  YY 

4215 4 37 I56 o / o  010 

102 103 104 105 1106 107 1 108 109 

17/70 17/70 17 /70 21/85 

7.  3/30 7 . 3 / 3 0  7 . 3 / 3 0  3 .7 /15  

21/85 
I 

17 /70 17/70 I 21/85 

7 .3 /30  7 . 3 / 3 0  1 3 .7 /15  3 .7 /15  

I 
2.12  2 .  08 2 .07  2 .06  

1 .30  1 .  30 1 .  30 1 .  30 

1 . 7 5  1 . 7 9  

1. 30 1.  30 

1 . 2 1  1 .56  

0 .  81 1.07 

1. 58 1 .66  1.75 1 . 6 4  

0 . 7 1  0 .71  0 .?O 0 .70  

57 1 36 1 36 7 454 

0 . 1 9  0 . 1 2  0 . 1 2  0 .  15 

0.51 0 .  32 0 . 3 3  0 . 5 0  

89/1.60 116 /1 .55  116/1 .58  116/1 53  

1 . 6 9  1 . 6 8  - - -  1.46  

0 . 6 0  0 . 6 1  - - -  - - -  
36 7 386 - - -  --- 
0 . 1 2  0 .  13  - - -  - - -  
0 .  30 0 . 3 1  - e -  - - -  
91/1 .71  9111.77 17 /2 .00  66/1 .78  

I 

-64: 0 -64 .0  -64.0 -64 .0  1-64.0 - 6 4 . 0  I -63.0 - - -  
-65 .2  - 6 5 . 3  -65. 3 -66 .2  

-64 .7  -64 .9  -64 .8  -65. 1 

40 40 60 90 

Modera te  Severe  Severe  Severe 

118 120 120 119 

-65 .3  -65 .3  -65. 3 --- 
-64 .8  -64.8 -64. 5 - 40 

75  75 50 Wet ,  only 

Destroyed Destroyed None Nil 

95 95 148  94 
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b 
-~ ~ ~ 

Hours to End Voltage (1.  5 /1 .  3V) 

k 

1 
Cathode: Sulfur (g/Yo) 

Cathode: Carbon (g  / 70) 
Initizl Closed Circuit Voltage 

Peak  Closed Circuit Voltage 

End Voltage (Heavy Load) 

C 

C 

End Voltage (Light Load) 
d Peak  Current  Density (mA/cm2)  

Observed Coulombs/g Sulfur 

Observed F /mol  Sulfur 

Watt Hours/in. '  Net Cell 

Terminal  0. C. V. (a t  Hours/V) 

Temperature ,  O C (Maximum) 

Temperature ,  O C (Minimum) 

Temperature ,  c (Time weighted Ave. ) 

Residual Electrolyte Volume, 70 
Corrosion of Collector 

Elapsed Time, Hours 

TABLE I 

15/44  13/ 37 

17/70 17/70 

7 .  3/30 7.  3/30 

1.87 2.06 

1. 89 2 .  09 

1. 30 1 .  30 

1 .75  1.77 

0.57 0 . 6 1  

31 3 280 

0 . 1 0  0 . 0 9  

0 .  26 0 .  25 

4 7 h . 9 6  66 /1 .83  

-63 .0  - - -  
-65. 3 

-64 .5  - 40 

- - -  

W e t ,  only 60 

None Nil  

48 94 

ELECTROCHEMICAL CELL TESTS- 

m 
Cathode Binder : 0 .  2g polystyrene in  20 cc toluene Polyethylene Bag Vehicles 
M-1365 Separator  : n 
Electrolyte:  
Anodes: AZ31B Mg Sheetq-2 pe r  cell  Area  = 210 cm2 
Cathode Collector Area = 210 cm2 
Nine 1/4" holes were dril led in  the anodes of all cel ls ,  except P-100 and 101. 

U 5 l aye r s  a t  0.004" pe r  l aye r  
34 wt. 70 KSCN in  liquid ammonia - 125 c c  per cell 

Net Cell Volume = 9 in.3 Loada (5)) :- 13. 5/68 

Cell No. P- I 110 111 

Major  Variables  
-63" -40 O 

YY Per fora ted  Aluminum Collectors 
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Continued 

Prismatic Configuration 

112 113 114 115 116 117 

-63" -63" -40" -40" -40" -40 O 

'uvw W Gold-plated Copper Exrnet Collectors Ag-plated Cu Collectors 

64 /75  65/73  38/52 34/ 39 8/11 30/35 

17 /70 17/70 17/70 17/70 17/70 17/70 

7 . 3 / 3 0  7.  3/30 7.  3/30 7 .  3/30 7. 3/30 7 .3 /30  

2 .06  2.05 2. 15 2. 14 2.05 2.10 

2 .07  2. 07 2. 15  2. 14 2.05 2.11 

1. 30 1. 30 1. 30 1. 30 1. 30 1.30 

1 . 5 5  1.83 1 . 8 2  1 . 7 2  1.46 1 .57  

0.67 0 .67  0 . 7 3  0 .72  0 .69 0 . 7 2  

56 7 552 40 0 2.98 82 274 

0 .19  0 .18  0. 13 0.10 0.03 0 .09  

0 . 5 1  0 . 4 9  0.36 0. 27 0.07 0.  25 

87/1 .86  87 /1 .94  66 /2 .05  66/2.00 66/1.  57 66/1.60 

-64 .5  -64.5 - - -  - - -  - - -  --- 
-65 .7  -65.7 - - -  - - -  - - -  - - -  
-64.8 -64 .8  - 40 - 40 -40 - 40 

80 75 20 20 80 80 

Nil Nil Nil Mild Severe Severe 

114 114 95 95 96 96 
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' 4 1  TABLE I 

ELECTROCHEMICAL CELL TESTS- 

Polyethylene Bag Vehicles 
Anode Area  ( 2  sides): 210 c m 2  Thickness: 0. 016" AZ31B Mg Sheet' 
Cathode Collector Area (2 sides): 

m 
Cathode Binder : 0.  2g polystyrene i n  20 cc toluene 
M-1365 Separatoru: 5 l aye r s  at 0.004" p e r  layer  

Cell No. P- 118 119 120 121 

Nominal Discharge Temp.  ( "  C) -6 3 -6 3 - 40 -40 

210 cm2 

Loada (0) = 13 .5 /68  

Major  Variables  Tempera ture  Tempera ture  
Cathode Compos. Cathode Compos 

32/38 35/39 35/51 29 / 38 
b 

Hours  to End Voltage 

Cathode: H g S O l  (g/%) 20/55.6 20/55.6 20/55.6 20/55.6 
Sulfur (g / 70) 4/11.  1 4 /11 .1  4 /11 .1  4 /11 .1  
Carbon' (g / 70) 12 /33 .3  12 /33 .3  12 /33 .3  12/33 .3  
Collector W W W W 

(1. 5 /  1 .  3V) 

Electrolyte: KSCNnn (70 a s  KSCN) 34 34 34 34 
Mg(SCN), (% a s  KSCN) 
"Spent" (70 as KSCN) 
Volume (cc)  125 125 125 125 

Net Cell Volume (in.3) 9 9 9 9 

Initiai Closed Circuit Voltage' 2.  13 2 .  24 2. 27 2 .  25 
Peak  Closed Circuit Voltage 2.  13  2. 24 2. 32 2. 31 
End Voltage (Heavy Load) 1 .  30 1 .  30 1.  30 1 .  30 

C 

End Voltage (Light Load) 1. 52 1 . 4 0  1 . 4 7  1 . 3 9  

Peak  Curren t  Density (mA/cm2) 0.73 0 .77  0 . 8 0  0 .  80 
Observed Coulombs/g Total Oxidants 206 218 29 1 21 7 
Observed F / m o l  Total Oxidants 0.  27 0 .  28 0 .  38 0 .  28 

Observed F / m o l  HgSO, 0.76 0.80 1.  08 0.  80 
0. 26 0 .  29 0 .39  0 .  29 W a t t  Hours/ in .  Net Cell 

d 

Observed F / m o l  Sulfur 0 .41  0 . 4 3  0 .  58 0 . 4 3  

3 

Terminal  0. C. V. (at H r s .  / V )  67 /1 .07  6 7 / 0 . 7 5  67/1 .41  67 /1 .03  
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P r i s m a t i c  Configuration 

125 126 127 128 129 130 

-63 -90 - 90 -90 -90 -6 3 

Tempera ture  
Virgin Electrolyte "Spent" Electrolyte Conc. of 

Note Cathode Compos. Cathode Compos. Electrolyte i 
41/43 0 /95  17/89 25/ 110 90/113 25/30 

20/55.6 0 0 0 0 20/55.6 
4/11.1 21/85 21/85 17/70 17/70 4 / 1 1 . 1  
12/33. 3 3 .7/15 3 .7 /15  7 .  3/30 7.3/30 12/33.3 
zz W W W W W 

25 25 25 25 

25 25 
125 200 200 200 200 125 
9 13  13 13 13 9 

2. 23 1 .78  1.81 1.83 1.76 1 .98  
2. 24 1.84 1.86 1.89 1 .86  1 .98  
1.  30 1.  30 1 .30  1. 30 1. 30 1.  30 
1 . 5 4  1 . 7 4  1.76 1.71 1.71 1 .50  

0.77 0.53 0.57 0 . 5 5  0 .54  0.67 
240 538 506 782 794  155 
0 .  31 0.18 0.17 0. 26 0. 26 0.20 
0.48 0. 18 0.17 0. 26 0.26 0. 31 

--- 0.57 0.89 - - -  --- - - -  
0.  32 0. 38 0.36 0.45 0.46 0.19 

65 /0 .85  137/1 .82  137/1.78 210/1. 35 210/1.34 65/1.08 

Electrolyte  Concentration, Aluminum Exmet Collector. 



A-18 

TABLE I (Continued) 

ELECTROCHEMICAL CELL TESTS - Prismatic Configuration 

Polyethylene Bag Vehicles 
Anode Area  ( 2  sides): 
Cathode Collector Area  ( 2  sides):  m Cathode Binder : 0 .2g  polystyrene in  20 cc  toluene 
M-1365 Separatoru: 

Cell No. P- 131 132 133 134 

Nominal Discharge Temp.  " C  -6 3 -6 3 -90 -90 

210 cm2 Thickness: 
210 cm2 

0.016" AZ31B Mg Sheet' 

5 l a y e r s  a t  0.004" p e r  l aye r  Loada (a) = 13. 5 /68  

Major Variables 

Electrolyte  Conc. Mg( SCN), Each  anode loaded 
Al Exrnet collec- Electro-  separa te ly  with 
t o r .  lyte - S 1 / 2  usual  load. 

t r e atm en t . 
Anode Anode 

A B 

71/113 -- 45/82 57/83 0 /12  6 9 / l l O  
b 

Hours  to End Voltage (1 .  5 /  1 .  3V) 

Cathode: HgSO; (g/oJo) 0 0 0 0 
Sulfur (g /%)  17/70 17/70 17 /70 17/70 

1 
Carbon (g / 7'0) 
Collector Z Z  z z  W W 

7 .  3/30 7 .  3/30 7 .  3/30 7.  3/30 

Electrolyte: K S C f l n  (% as KSCN) 25 25 - - -  34 
- - -  Mg(SCN), (7'0 as KSCN) - - -  - - -  34 

"Spent" (% as KSCN) - - -  - - -  - - -  - - -  
Volume (cc)  125 125 125 125 

Net Cell Volume (in.3) 9 9 9 9 

Initial Closed Circuit VoltageL 2. 05 2. 05 1 . 6 4  1 .  87 1. 8 2  
Peak  Closed Circuit  Voltage 2. 05 2 .  05 1 .71  1 . 9 1  1 . 8 8  
End Voltage (heavy load) 1 .  30 1 .  30 1 .  30 1 .  30 1 .  30 

1 . 5 3  End Voltage (light load) 1 . 7 5  1 . 7 9  1 . 6 5  1 . 6 9  

Peak Current  Density (mA/cm2) 0 .64  0 . 6 5  0 . 4 8  0 . 6 2  0 . 6 3  

Observed F / m o l  Total Oxidants 0 . 2 0  0 . 2 0  0 . 0 3  0 .  1 3  0 .  13  
Observed F / m o l  Sulfur 0 .20  0 . 2 0  0 .  03 0.  13  0. 13  

C 

- 
d 

Observed Coulombs/g Total Oxidants 61 2 6 20 80 392 399 

Observed F / m o l  HgSO, - - -  
W a t t  Hours/ in .  Net Cell 0 . 5 4  0 .55  0 .  06 0 . 3 3  0 . 3 3  

Terminal  OCV (at  h r s .  / V )  162/1 .70  162 /1 .73  257/0 .62  - - -  - - -  

- - -  - - -  - - -  - - -  
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TABLE I1 

ELECTROCHEMICAL CELL TESTS- 

y) AZ31B Mg Exmet 
u) M-1365 Separator  - 5 l aye r s  at 0 .004"  p e r  layer  = 0.  020" thick 

Electrolyte: 34 Wt. ~oKSCN" i n  liquid ammonia 

Cell No. B- 1 2 3 

Inverse Bobbins 
Major  Variables Porous  pol ye thy1 ene 

Separa tors  Separation 
M- 1 36 5 u 

Central  rod anodes 

Hours  to End Voltageb (1 .5 /  1 .  3V) 2 / 4  o / o  o / o  

Cathode: Hg S O L  (g rams  /%) 
Cathode: Sulfur , (grams/%)  
Cathode: Carbon ( g r a m s / % )  
Cathode: Acetylene Black 
Cathode Thickness (in. ) 
Cathode Length (in.  ) 
Cathode Collector,  Ag Wire (W)  or Case (C)  
Anode, Central  (Cylindrical) 

Apparent Area  (cm') 
Anode, Outer (Cylindrical)  

Apparent Area  (cm2) 
Net Cell Volume (in.3) 
Loada (ohms) 

100/55.6 

60/33.  3 
20/11 .1  

0 .45  
5 . 5  

Mg rod 
56 

2w f 

16 
2 .7 /13 .  5 

0 
102/85 
18/15 

0.45 
4 . 5  

Mg rod 
46 

2w f 

16 
2.7/13.  5 

0 
42. 5/70 
18. 2/30 

0 .35  
5 . 0  
lW, 1 c  
Mg rodg 
51 

- - -  

1 2  
5. 4/27 

C Initial Closed Circui t  Voltage 
Peak  Closed Circui t  Voltage 
End Voltage (Heavy Load) 
End Voltage (Light Load) 

C 
2.10 0 .70  1 .  52 
2.11 0 . 7 3  1 .  52 
1 .  30 - - -  - - -  
2. 08 - - -  - - -  

10.8 Peak  Anode Cur ren t  Density (mA/cm 2 ) d, e 

Obs . Coulombs / g Total Oxidants Nil 
Observed F / m o l  Total Oxidants Nil 
Observed F / m o l  Sulfur - - -  
Observed F / m o l  HgS04 - - -  
W a t t  Hours / in .  Net Cell - - -  
Terminal  OCV (a t  Hours/V) 116/2 

Ni l  2 . 3  
- - -  Nil 

- - -  - - -  
30 116/2.10 78/2 .18  

Tempera tu re  ( O  C) Maximum -89 .0  -89.0 --- 
Tempera tu re  (" C) Minimum -90.9 -90.9 - - -  
Tempera tu re  ( T i m e  Weighted) Average -90 .0  -90.0 -89.8 
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I Bobbin Configurations - Nominal Minus 90" C 

4 5 6 7 

Holes in Anodes Inverse Bobbins 
M-1365 Separation 

Coiled Central  Exmet  Anodes 
Acetyl ene MPR" space r  L a r g e r  Added outer  
Black in  anode coil Diam. anode anodes 

I 22/28 20131 32/35 50170 

0 
42. 5/70 
12 .1 /20  
6 .1 /10  
0 .  32 
6 . 0  
1c 
co i l  
99 

17 
5 - 4 / 2 7  

0 
85.0170 
36.4130 

0 .37  
5 . 0  
1 c  
c o i l  
114 

- - -  

- - c  

25 
5.4127 

0 
70.8170 
30. 3/30 

0.  27 
5 .0  
1 c  
coil Y 
133 

--- 

- - -  
25 
5.4127 

0 
47.6/70 
20.4130 

0 .  24 
5 . 3  
4w 
c o i l  
108 
3 shee ts  
167 
27 
5.4127 

- - -  

2.  03  
2 . 0 3  
1 .  30 
1 . 8 5  

1 . 9 9  
1 . 9 9  
1 .  30 
1 . 8 7  

2. 03 
2. 05 
1. 30 
1.87 

2 .02  
2 .02  
1 .  30 
1. 80 

3. 25 2.65 
208 114 
0.07 0. 04 
0 .07  0 .04  

0.  24 0 .  18 
- - -  - - -  

14512.10 - - -  

2. 50 
157 
0.  05 
0 . 0 5  

0.21 
150/2 

- - -  

06 

1 . 2 1  
46 1 
0.  15 
0.  15 

0 .  38 
7012.09 

--- 

- 8 9 . 2  
-90.7 
-89.7 

-87 .8  
-88.6 
-88. 5 

-87 .8  
-89 .0  
-88.2 

-79 .5  
-86 .3  
-8Ll 1 



TABLE I1 

ELECTROCHEMICAL CELL TESTS 

Bobbin Configurations - Nominal -90" C 

q) AZ31B Mg Sheet. 
y)  AZ31B Mg Exmet. 

u) M-1365 Separator,  5 l a y e r s  at 0.004" p e r  layer  = 0.020" thick. 
Electrolyte: 34 W t .  70 KSCN" i n  liquid ammonia 

Cell No. B- 

Major Variables 

b 
Hours to End Voltage 

Cathode: Sulfurk (grams/%)  

Carbon (grams/%)  

(1. 5 /  1. 3V) 

1 

Cathode Thickness (in. ) 

Cathode Length (in. ) 

Cathode Collector: Ag W i r e  (W)  o r  Case (C) 

Anode: Central  (Cylindrical) 

Apparent Area (cm2) 

Anode: Outer (Cylindrical) 

Apparent Area (cm2) 

Net Cell Volume (in.3) 

Loada (n ) 
C Initial Closed Circuit Voltage 

Peak  Closed Circuit Voltage' 

End Voltage (heavy load) 

End Voltage (light load) 

Peak  Anode Current Density (mA/cm2) 

Observed Coulombs/g Sulfur 

d, e 

8' 9' 

Annular Ring 
Cathodes 

Exmet  Sheet 
Anodes Anodes 

18/42 10/21 

47.6/70 47 .6 /70  

20.4/30 20.4/30 

0 .24  0. 25 

7 5 . 5  

4 w  4w 

coil' coil' 

144 120 

2 sheets' 2 sheets' 

2 26 188 

27 23 

5.4127 5 .4 /27  

1 .76  1 . 7 5  

1 . 8 2  1 .  84 

1.  30 1 .  30 

1 .67  1 . 7 0  

0.77 0 .  92 

26 0 130 

Observed F / m o l  Sulfur 

W a t t  Hours/in. '  Net Cell 

Terminal  OCV (a t  hours/V) 

Tempera ture  ( O  C) Maximum 

Tempera ture  (" C) Minimum 

Tempera ture  (Time Weighted) Average 

0.  09 

0 . 2 0  

6 5 / 2 . 0 2  6 5 / 2 . 0 2  

-66 .0  -66 .0  

- 9 0 . 0  - 9 0 . 0  

-81 .5  -81 .0  

0 .  04 

0 . 1 2  



A- 22 

1 oz 1 l2  12 

Central  Bobbin Central Anode 
Cathodes 6 Ln.3 Fins  

Exrnet She et  Annular 
Anodes Anodes Ring Cathode 

~ ~~ ~ ~ ~- - 

1 / 1 8  o / o  19/26 

84/70 84/70 84/70 

36/30 36 130 36 / 30 

1.  16 1.16 0.37 

7 . 3  7 . 5  5 . 5  

2w 2w 1 c  
9 --- Fins 

--- 186 

- - -  
--- 
2 sheets' 2 sheets' --- 
175 181 

27 27 23 

2. 7 /13 .  5 2 .7 /13 .  5 5.4127 

1 . 6 4  1 .69  1 . 7 3  

1 . 6 8  1 . 7 0  1 .90  

1. 30 1 .29  1 .  30 

2 .79  2 .66  1.59 

121 --- 94 

0 .  04 --- 0 . 0 3  

0. 16 --- 0.15 

65/2 .00  65/2 .03  65/2.00 

-66.0 --- -66.0 

-90 .0  --- -90 .0  

-81 .0  -90.0 -81 .8  

by MPR" s t r ip s .  1/4"  holes in  anodes. 
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TABLE II 

ELECTROCHEMICAL CELL TESTS- 

Nominal Dischar e Temperature:  
AZ31B Mg Sheet ' 
M-1365 Separator : 5 layers  at 0.004" p e r  l aye r  

-90" C (Except B-22) 
AZ3lB Mg Exmet' 

Cell No. B- 13  14 

Major Variables 

Central  & outside 2 outside 
anodes. Annular anodes 
ring cathode. central  b c k - .  

- .  

cathode - 
-- -- ---. -- - 

231 56 0 / 2 2  b Hours to End Voltage (1.5/1.  3V) 

Cathode: HgSO% j (g rams  / %) 0 0 
( g ram s / 70) 63/70 98/76, 

Carbon (g rams /%)  27/ 30 421 3G 
Sulfur 

Thickness (in. ) 0.24 1.16 

1 

Acetylene Black (grams/%)  0 0 

Length (in. ) 6.75 10 
Collector: Ag Wire (W) o r  Case (C) 4W 2w 

- - -  Anode: Central  (Cylindrical) c o i l  
- - -  Apparent Area  (cm2) 139 

Outer (Cylindrical) 
Apparent Area  (cm') 21 8 242 ' 

2 sheets' 2 sheets' 

Electrolyte: KSCNnn (Wt. TO as KSCN) 34 34 
Mg(SCN), (Wt .  TO as KSCN) - - -  --- 
"Spent" (Wt .  TO as KSCN) - - -  --- 
Volume (cc)  40 0 500 

Net Cell Volume (in.3) 27 35 

5.41 27 2.7/13. 5 
1.77 

Loada (SI) 
Initial Closed Circuit Voltage 1 .84  
Peak Closed Circuit Voltage' 1 .84  1.80 
End Voltage (Heavy Load) 1. 30 1.30 
End Voltage (Light Load) 1 .78 1.71 

0.79 2. 14 Peak Current  Density (mA/cm2) 
Observed Coulombs/g Sulfur 26 4 132 
Observed F /mol  Sulfur 0. 09 0.04 
W a t t  H o ~ r e / i n . ~  N e t  Cell 0. 27 0.15 

Terminal  0. C. V. (at  Hours/V) 67/2.08 45/ 1.96 

C 

d, e 



Bobbin Configurations 

A- 24 

15 16 17 19 20 21 
~ 

Central  Central 
anode. Exmet 
10 Longi- coil t 3 Spent I '  El e c t r  olyte 
tudinal outer El  ec  tr o - Acet. Black Mg(SCN), Electrolyte 
fins.  anodes. lyte s: c HgSO,: C 

54/62 25/42 36/63 80191 216 113 

0 0 0 0 0 1 10/55. 6 
84/70 61.6/70 84/70 44.4150 44.41 50 22111.1 
36 I30 26 .4 /30  36/30 40.0145 40.0/45 66133.3 
0 0 0 4 .415 4.415 0 
0. 30 0. 25 0. 30 0. 30 0. 30 0. 30 
6 . 7 5  5. 25 6 . 7 5  6 . 7 5  6 .75  6.50 
1 c  4 w  1 c  1 c  1c 1 c  

10 Fins' coi ly  10 Fins' 10 Fins' 10 Fins 
171 108 171 171 171 165 

10 Finsq ' 
--- 3 sheets' - - -  - - -  - - -  --- 

--- --- - - -  - - -  167 - - -  
- - -  - - -  - - -  - - -  34 34 

- - -  - e -  - - -  24. 5 24.5 
- - -  25 25 

- - -  
- - -  - - -  - - -  

400 350 400 350 400 300 

31 27 31 28 31 25 

5.4127 5.4127 5.4127 5.4127 5.4127 5.4127 
1 . 9 3  1 .  91 1.  91 1. 92 1 . 9 4  2.01 
1 . 9 4  1 .  91 1 .  91 1 . 9 2  1 . 9 4  2 .01  
1. 30 1. 30 1.  30 1. 30 1 .30  1.  30 
1 .82  1 . 8 4  1 . 8 3  1 .79  1.76 1.95 

1 . 7 8  1.  06 1.79 1 .83  1 . 7 4  1. 81 
226 209 228 6 24 41 --- 
0.08  0.07 0 .08  0 .21  0 . 0 1  - - -  
0. 28 0.21 0 .  28 0 .44  0.  03 --- 
6712.13 47/2.13 8912.08 9312.06 18/2.08 1712.12 
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I TABLE Iz 

ELECTROCHEMICAL CELL TESTS- 

Nominal Dischar e Temperature:  -9OOC (Except B-22) 

M-1365 Separatoru: 
I AZ31B Mg Sheet ' AZ31B Mg Exmet' 

5 l aye r s  at 0.'004" p e r  l aye r  

Cell No. B- 22 
I 

1 / 2  Virgin t 1 / 2  "Spent 

Major  Variables  
electrolyte 
-40°C (t) -63°C 

I Cumulative 
H o u s  

26/30 59/72 
b Hours to End Voltage (1 .5 /  1. 3V) 

I 

Cathode: H g S O i  ( g r a m s  / 70) 0 
( g r a m s  / 70) 44.4/50 

40.0/45 
1 Sulfur 

Carbon (g ram s / %) 
Acetylene Black ( g r a m s  / 70) 4 .4 /5  
Thickness (in. ) 0. 30 
Length (in. ) 6.25  
Collector: Ag Wire (W)  o r  Case (C) 1 c  , 

Anode: Central  (Cylindrical) 
Apparent Area  (cm') 
Outer (Cylindrical) 

10 Fins' 
158 --- 

I ADDarent Area  (cm') --- 
~ ~ 

Electrolyte: KSCNnn (Wt .  70 as KSCN) 25 

"Spent" (WA. 70 as KSCN) 25 
Mg(SCN), ( W t .  TO as KSCN) --- 

I Volume (cc)  450 

Net Cell Volume (in.3) 33 

Initial Closed Circuit  Voltage 2.  15 2.02 
Peak Closed Circuit  Voltage' 2. 16 2.02 

5.4/27 
C 

Loada (a) 

End Voltage (Heavy Load) 1 .30 1. 30 
End Voltage (Light Load) 1 .84  1.89 

2.37 1 .93  Peak Current  Density (mA/cm*) 
Observed Coulombs/g Sulfur 221 297 
Observed F / m o l  Sulfur 0.07 0.10 
W a t t  Hours/in.' Net Cell 0. 14 0.18 

d, e 

Termina l  0. C. V. (at Hours/V) 155/2.13 
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~ Bobbin Configuration 

El e c t r ol y t  e Ball-milled 
conc. & kind 1 / 2 "Spent" S:C ra t io  Ball -milled in  heptane 
Acet. Black el ec t r  ol yte No Acet. Black in  heptane Electrolyte 

1 / 2  Virgin t 

concentration 

66/73 71/84 51/51 56 /67 40 / 47 

0 0 0 0 0 
44.4/50 44.4/50 44.4/ 50 45.0/50 45.0/50 
40.0/45 40.0/45 44.4/ 50 40.5/45 40.5/45 
4 .4 /5  4 .4 /5  0 4 .5 /5  4 .5 /5  
0.30 0.30 0. 30 0.30 0. 30 
6 .75  6.75 6.75 6.75 6.75 
1c 1c 1c 1c 1c 

10 Fins' 10 Fins' 10 Fins' 10 Fins' 10 Fins' 
171 171 171 171 171 

34 25 

~ 

34 34 25 

e -- --- --- 25 --- 
400 400 400 400 400 

31 31 31 31 31 
~~ - 

5.4/27 5.4/27 5.4/27 5.4/27 5.4/27 
1 .95  1.91 1.95 1.91 1.99 
1 .95  1.99 1.95 1.94 1.99 
1. 30 1 .30  1.30 1.30 1.30 
1 .78  1 .81  1.88 1.71 1 .82  

1. 86 1.81 1.82 1 .83  1.84 
507 590 3 54 456 3 26 
0. 17 0.20 0.12 0.15 0.11 
0 . 3 3  0.39 0.23 0. 30 0.22 

117/2 .09  225/1.85 117/2.01 136/1.96 87/2.09 



A- 27 

TABLE I1 

ELECTROCHEMICAL CELL TESTS- 

Nominal Dischar e Temperature:  ' AZ31B Mg Exmet' AZ31B Mg Sheet 
M-1365 Separator  : 5 l a y e r s  at 0.004" p e r  l aye r  

Cell No. B- 28 29 

-90" C (Except B-22) 

U 

Full  s ized 90% KSCN t 
cell. 10'10 Mg(SCN), 
20'10 Acet. Black 2070 Acet. Black 

53/57 30/41 b Hours  to End Voltage (1. 5/1. 3V) 

Cathode: HgSO% j ( g  ram s / 70) 0 0 
Sulfur ( g r a m  s / 70) 81.0/50 50/50 
Carbon ( g r am s / 70) 48.5/30 30/30 

Thickness (in. ) 0.30 0. 30 
Length (in. ) 13. 5 6 .75 

Acetylene Black (grams/Yo) 32.5/20 20 / 20 

Collector: Ag Wire ( W )  o r  Case (C) 1c 1c 

Anode: Central  (Cylindrical) 10 Fins' 10 Fins' 
Apparent Area (cm2) 342 171 
Outer (Cylindrical) - - -  --- 
Apparent Area  (cm2) --- --- 

Electrolyte: KSCN* ( W t .  '$0 as KSCN) 34 25 
Mg(SCN), (Wt .  '$0 as KSCN) --- 25 

Volume (cc)  57 5 450 
"Spent" (Wt. % as KSCN) --- --- 

Net Cell Volume (in.') 48 34 
~ 

2.7113. 5 5.4127 
1 .94  2.01 

Loada (0) 
Initial Closed Circuit  Voltage 

. 1 . 9 5  2.01 Peak Closed Circuit Voltage 
End 'Voltage (Heavy Load) 1. 30 1. 30 
End Voltage (Light Load) 1.82  1. 82 

1.85 1.89 Peak Current  Density (mA/ cm2) 
Observed Coulombs/g Sulfur 43 1 257 
Observed F /mol  Sulfur 0.14 0.09 
W a t t  H ~ u r s / i n . ~  Net Cell 0 .33  0. 17 

Termina l  0. C. V. (at HourslV) 112/2.09 42/2.11 

C 

C 

d, e 
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Bobbin Configuration 

30 31 32 

10% Acet. Black 
Electrolyte 
concentration 

50% Acet. Black 
No graphite 
Mixed in heptane 
and dr ied  

68/76 43/53 67/75 

kk 
48 / 50 
38/40 
l o l l 0  
0. 30 
6.75 

0 
48/50kk 
38/40 
l o l l 0  
0. 30 
6 .75  

0 
35/50kk 
0 
351 50 
0.30 
6 .75  

1 c  1 c  1 c  

10 Fins' 
171 
--- 

10 Fins' 
171 - - -  

10 Fins' 
171 --- 

34 25 34 

350 400 400 

5 - 4 / 2 7  5.4127 5.4127 
2.01 2. 06 2.01 
2.01 2.06 2.01 
1 .30  1.30 1.30 
1 . 7 9  1 . 8 2  1.75 

1 .93  1.99 1.88 
498 352 674 
0.17 0.12 0 .22  
0.39 0. 25 0.35 

8712.05 8712.08 11711.79 
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TABLE 11 

ELECTROCHEMICAL CELL TESTS - Bobbin Configurations 

Nominal Discharge Temp. : -90°C (except B-38, -39, -40, -41, -48, -49, -56) 
M-1365 Separator : 5 l aye r s  at 0.004" pe r  layer  
Case served as. cathode collector. Electrolyte: 
Central finned anode (10 finsq), AZ31B Mg Sheet. 

U 

34 Wt. 70 K S C g n ,  except B-56) 

Cell No. B- 

Major  Variables  

b 
Hours  to End Voltage (1.5/1.3V) 

Cathode: Sulfurkk (grams/%) 

Carbon (grams /YO) 
Acetylene Black (g/%) 

1 

Total Weight (g rams)  

Cathode Thickness (inches) 

Cathode Length (inches) 

Anode:'Apparent Area (an2) 

Electrolyte Volume (cc) 

Net Cell Volume (inches') 

Loada (ohms) 

Initial Closed Circuit  Voltage' 

Peak Closed Circui t  VoltageL 

End Voltage (Heavy Load) 

End Voltage (Light Load) 

Peak  Curren t  Density (mA/cm ) 

Observed Coulombs/g Sulfur 

Observed F / m o l  Sulfur 

W a t t  Hours/inches3 Net C e l l  

Termina l  0. C. V. (at Hours/V) 

2 d,c 

33 34 35 36 37 

Cells B-33 to B-40 were  packed with a rod, as usual. 

56 /63 61/70 48/53 51/56 54 /6 3 

55/50 Replicates of Cell B-33. 

58 /40 

17/10 

170 

0. 30 

13.5 

34 2 
~ ~~ ~ 

66 0 660 660 660 660 

53 53 53 53 53 

2.7/13.5 2.7/13.5 2.7/13.5 2.7/13.5 2.7/13.5 

1.94 1.96 1.95 1.93 1.95 

1.97 1.99 1.97 1.95 1 .  96 

1.30 1.30 1.30 1.30 1.30 

1.81 1.80 1.78 1.76 1.80 

1.86 1.90 1.87 1.87 1.88 

4 59 5 14 387 4 07 4 59 

0. 15 0.17 0.13 0.14 0. 15 

0.34 0.38 0.28 0.29 0.34 

7 1 h . 1 2  71/2.10 71/2.12 71/.2.09 71/2.11 
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38 39 40 41 42 

-63" -63" -40" -40" 

Cells B-33 to B-40 were packed with 
a rod, a s  usual. with an annular sleeve piston 

Cells B-41 to B-64 were packed 

59/73 47/61 83/100 99/108 49/61 
42. 5/50 48/50 48/50 48/50 120/50 

34. 0/40 38. 5/40 38. 5/40 38, 5/40 96/40 

8.5/10 9. 5/10 9.5/10 9.5/10 24/10 

85 96 96 96 240 

0.30 0.30 0.30 0.30 0.30 

6.75 6.75 6.75 6.75 13. 5 

171 171 171 171 342 

4 50 4 50 440 46 0 690 

34 34 34 34 55 

5.4/27 5.4127 5.4/27 5.4127 2.7/13.5 

2.08 2.09 2.16 2.16 1.97 

2.10 2.10 2.16 2.15 1.97 

1.30 1.30 1.30 1.30 1.H 

1.82 1.57 1.97 1.95 1.80 

2.04 2.06 2.19 2.18 1.88 

551 4 08 681 7 36 3 14 

0.18 0.14 0.23 0.24 0.10 

0.33 0.27 0.46 0.50 0.30 

140/1.76 14011. 56 115/2.06 11512.04 6812.08 
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TABLE Iz' 

ELECTROCHEMICAL CELL TESTS - BOBBIN CONFIGURATIONS 

Nominal Discharge Temp. : -90°C (except B-38, -39, -40, -41, -48, 
M-1365 Separatoru: 
Case  served as cathode collector. Electrolyte: 34 Wt.%KSCN7n 
Central  finned anode (1 0 finsq), 

5 l aye r s  at 0.004" per  layer  

AZ31BMgSheet.  

k3 44 45  46 47 Cell No. B- 

Major  Variables 

b 
Hours to End Voltage (1.5/1.3V) 

Cathode: Sulfur (grams/%) 

Carbon (grams/%) 

Acetylene Black ( g / % )  

k k  

1 

I 
Total Weight (grams ) 

Cathode Thickness (inches) 

Cathode Length (inches) 

Anode: 'Apparent Area (cm') 

Electrolyte Volume (cc)  

Net Cell  Volume (inches') 

Loada (ohms) 

Initial Closed Circuit  Voltage' 

Peak Closed Circui t  Voltage' 

End Voltage (Heavy Load) 

End Voltage (Light Load) 

Peak Current  Density (mA/cm ) 

Observed Coulombs/g Sulfur 

Observed F / m o l  Sulfur 

Watt Hours/inches' Net Cell  

Termina l  0. C.V. (at Hours/V) 

No. of Hose Clamps 

2 d,c 

Sells B-41 to B-64 were  packed with an annular 
sleeve piston 

55/77 52/58 57 165 52/58 55/63 

36 /50 Replicates of Cell B -43 

77 140 

19/10 

192 

0. 30 

34 2 

690 690 670 710 690 

13.5  

55 55 55 55 .55 

2.7113.5 2.7/13.5 2.7/13.5 2.7/13.5 2.7/13.5 

1.96 1 .96  1 .95  1.96 1 . 9 4  

1.96 1 .98  1.96 1.97 1.94 

1.30 1. 30 1.30 1. 30 1. 30 

1. a o  1.79 1.77 1.77 1.77 

1.89 1 .  85 1.85 1.86 1.86 

495 37 5 41 9 37 5 40 3 

0.16 0 .12  0. 14 0.12 0.13 

0 .39  0. 30 0 .33  0.30 0. 32 

B9/2.10 113/2.07 113/2.07 113/1.94 11312.03 

6 4 4 4 4 
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-49, -56) 

except B-56) 

48 49 50 51 52 
Cu Exmet 

7 collector s leeve on 
clamps on case secured  Replicates of B-49 
case. by 14  clamps. Temp. c o r r e c t  at -90°C S:C Ratio 
TemD. Note 1 Temp. Note 2 

67/116 47/127 56 /6 1 62 /69  61/68 

Replicates of Cell B-43, except fo r  means of -- 77/40 

- 96/50 collection f rom case. 
l l l ^ l ~ - - - - - - -  - 

19/10 

192 

~ 

0.  30 

675 700 650 6 50 650 
I 
I 55 55 55 55 55 

2.7/13.  5 2. 7/13. 5 2-7 /13 .  5 2.7/13. 5 2. 7/13. 5 

1 . 9 5  1 . 9 4  1 .99  1 .98  1 .98  

2. 08 2. 14 1.99 1.98 1 .98  

1. 30 1 .  30 1. 30 1. 30 1. 30 

1. 85 1. 85 1.79 1.80 1.81 

2. 06 2. 18 1.96 1.91 1 .91  

772 86 2 397 449 548 

0. 26 0.  29 0.13 0.15 0. 18 

0 .63  0 . 7 2  0. 32 0.36 0.35 

142/2.06 138/2 .01  119/2.00 118/2.07 118/2.05 

15  18 16 

Copper Exmet sleeve between case and clamps I l4 

4 t 3  

Double l e a d  w i r e s  f r o m  cells to loads used on Cells B-49 to  B-56, except B-54 
Note  1 - Temp. : 24 hours  at -90"; 20 hours  f r o m  -90" to -55"; balance of test 

Note 2 - Temp.:  18 hours  from -90" to -51"; balance at -65°C. 
at -65" C. 
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Cell NO. B- 

Major Variables 

b 
Hours  to End Voltage 

Cathode: Sulfur 

(1 .  5 /1 .  3V) 

(g /%)  

Carbon (g/Yd 

k k  

1 

Acetylene Black (g/Yo) 

To tal Weight (g ram s ) 

Cathode Thickness (inches) 

TABLE I1 

53 54 55 56 

Inc r eas  ed  HgSO4: 
acetylene HgSO4: HgS04: 5 3 g / 47 70 
black. 1Og/9. 570 106g/47Y0 (-63°C) 

25 W t .  YoKSCN 

101/113 59/72 68/76 52/59 

65/40 48/45 2019 l 0 / 9  

65/40 38/ 36 90/40 45/40 

32/ 20 1019. 5 10 /4  5 / 4  

162 106 2 26 113 

0 .  30 0 .  30 0 .  30 0.  30 

ELECTROCHEMICAL CELL TESTS - BOBBIN CONFIGURATIONS 

Anode:q Apparent Area ( cm2) 

Electrolyte Volume (cc) 

Net Cell Volume (inches3) 

Loada (ohms) 

Initial Closed Circuit  Voltage 

Peak Closed Circui t  Voltage 

End Voltage (heavy load) 

C 

C 

End Voltage (light load) 

Nominal Discharge Temp. :  -90°C (except B-38, -39, -40, -41, -48, -49, -56 
M-1365 Separatoru: 
Case served as cathode collector.  Electrolyte: 34 W t .  70 KSCN? except B-56) 
Central  finned anode (10 finsq), 

5 l a y e r s  at 0.004" p e r  layer  

AZ31B Mg sheet .  

342 171 342 171 

6 50 425 660 625 

55 28  55 28 

2 .  7 /13 .  5 5.4127 2.7/13.  5 5.4127 

2.20 1 .  98 2 .  09 

1 .  98 2 . 1 2  2 .  17 2.  25 

1.  30 1 .  30 1 .  30 1 .  30 

2 .  15 

1. 7 8  1 . 7 7  1.  56 1 . 4 3  

Peak  Curren t  Density (mA/cm2) d ' e  

Observed Coulombs / g  Sulfur 

Observed F / m o l  Sulfur 

Cathode Length (inches) I 1 3 . 5  6 .75  13. 5 6 . 7 5  

1 . 9 0  2 .  09 2. 21 2. 32 

56 3 631".: 37 2::: 406* 

0.  19 0. 25::' 0 . 5 0 ::: 0.  54:k 
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and B-60 and -61) 

Copper Exmet s leeve between case and clamps.  

I 57 58 59 60 61 6 2  

Electrolyte Hg S04j : Hg S04J : HgS04j: h i04j  in  
saturated HgS0,j: 2Og/9.570 10g19. 570 1Og/9. 570 U o r i l  capsule 
with HgSO4J 10g19. 5% Full s ize  -40°C -63°C in anode space. 

64/84 961106 951111 971127 1581 176 71/82 

48/50 48/45 96 145.2 48145.2 48145.2 48/50 

38/40 38/36 77/36. 3 38. 5/36. 3 38. 5/36. 3 38. 5/40 

10/10 10 /9 .5  1919.0 9 .519 .0  9 .519 .0  9 .5 /10  

96 106 21 2 106 106 96 

0. 30 0.  30 0. 30 0.30 0. 30 0. 30 

6 . 7 5  6 . 7 5  13 .5  6 .75  6 .75  6 . 7 5  

171 171 342 171 171 171 

425 425 740 6 20 56 0 450 

28 28 55 28 28 28 

5.4127 5.4127 2.7113. 5 5.4127 5.4127 5.4127 

1 . 9 9  2 .12  2.  06 2.17 2.20 1.95 

1 . 9 9  2. 13  2 .09  2.  19 2 .22  1.95 

1. 30 1 .  30 1. 30 1. 30 1. 30 1. 30 

1. 81 1. 80 1 .79  1 . 9 0  1 .78  1.76 
I 

~ 1 .  92 2. 17 2.10 2 .  26 2. 26 1 .92  

5 46 592* 615;’ 7 24;: l O l O *  5 26 

0 .  18 0.23* 0. 24:~ 0.28* 0.40* 0.17 

0 . 4 3  0. 58 0 .61  0 . 7 3  1 .02  0 .41  

I 11912.01 1 1 9 h . 9 6  14012.07 140/2.00 188/1.88 116/2.02 

8 a 21 9 8 8 
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Cell No. 8- 

TABLE I1 

ELECTROCHEMICAL CELL TESTS - BOBBIN CONFIGURATION 

6 3  64 

Task I11 - "Mockup" Cells i n  full hardware -- - 
Nominal Discharge Temp. : -73" C 
M-1365 Separatoru: 5 l a y e r s  a t  0.004' '  per  l aye r .  
Central  finned anode (10 finsq), AZ31B Mg Sheet. 
Refer  to Drawings: B- 1227, B- 1228, A- 1238, and A- 1239, Appendix B 
Refer  to P a r t s  and Mater ia ls  L i s t ,  Appendix B 

Case served  as cathode col lector .  
Electrolyte: 34 Wt. 70 KSCNnn 

b Hours  to End Voltage 

Cathode: Sulfur (g / 70,) 
(1.  5 /  1 .  3V)  

kk 

1 
Carbon 

Acetylene Black (g /%)  

(g /%)  

Total Weight (grams)  

Cathode Thickness (inches) 

Cathode Length (inches) 

Anode:q Apparent Area (cm2) 

Electrolyte Volume ( c c )  

Net Cell Volume (inches3) 

Loada (ohms) 

Initial Closed Circuit Voltage 

Peak  Closed Circuit Voltage' 

End Voltage (heavy load) 

C 

End Voltage (light load) 

Peak  Current  Density (mA/cm2) d, e 

Observed Coulombs/g Total Oxidants 

Observed F / m o l  Total Oxidants 

Watt Hours/ inches3 Net Cell 

Termina l  0. C. V. (at hours /V)  

No. of Hose Clamps 

1 

81/101 87 /97 

96 /45 .2  96 145. 2 

77/36. 3 77134.3 

19/9 .  0 1919.0 

21 2 21 2 

0 .  30 0 .  30 

13. 5 13. 5 

342 342 

500 500 

39 39 

2. 7 /13 .  5 2 .7 /13 .  5 

2 .  18 2 .  15 

2.  18 2. 19 

1 .  50 1 .  50 

1 .99 1 . 9 7  

2. 17 2. 21 

486 52 1 

0 .  19 0 . 2 0  

0 . 7 4  0 .79  

112/2 .10  113/2 .  15 

7 7 

Major Variables HgS0,j HgS04j 
2Og/9. 570 2Og/9. 5% 
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1. P r i s m a t i c  Cell Construction 

F igure  1 i l lus t ra tes  a p r i sma t i c  cell  comprising a pasted-plate cathode 
enclosed and sealed within a separator ,  two magnesium anodes and a plast ic  
envelope case. 
as the c a r r i e r  for  the paste  and as a cathode collector.  
soldered to the Exmet, and the joint is coated with Krylon o r  rubber  cement. 

A silver-plated copper Exmet (expanded meta l )  g r id  s e r v e s  
The lead wi re  is 

The oxidant(s) and graphite i n  the des i red  proportions are d r y  blended and 
a r e  then mixed with a binder (1% solution of polystyrene in  toluene) into a 
workable paste .  The pas te  is spread  evenly on both s ides  of the gr id  with a 
spatula. During this procedure,  the surface may be moistened with toluene 
as necessa ry  to counteract evaporation. 
night, o r  until the odor of toluene has  disappeared. 
applied in  o rde r  to avoid shrinking and cracking of the paste.  

The finished plate is a i r -d r i ed  over-  
Forced  drying is not 

A suitable separa tor  is then wrapped around the dr ied  plate and sealed at 
the seams .  

A magnesium sheet  anode is applied to each face of the cathode on the outside 
of the separa tor ,  and the two anodes a r e  held in  place with rubber  bands , 

which pe rmi t  swelling of the cathode during activation and discharge.  
anode lead wi re s  a r e  attached with aluminum r ivets ,  and the connections a r e  
protected with Krylon o r  rubber cement. 

The 

The en t i re  cell  assembly  is encased in  a polyethylene envelope which may  be 
used fo r  discharge at any temperature  below the boiling point of liquid ammonia.  

The genera l  design m a y  be  var ied  at will to mee t  the requirements  of special  
t e s t s .  



B - 2  

h 

I 
Y 



B-3  

BOBBIN CELLS NOS. B-1  and B-2 

-Mg Anode (finned & fluted), 

2 Silver Wire Collectors 

Cathode Mix, 
0.45" thick x 5.5" long 

CAB-XL Pipe 1.9" I. Porous Polyethylene 
Separator, 1 ' '  O .D .  
x 5/8" I.D. 

FORM FM-100 

Figure 2 
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BOBBIN-CELL NO. B-3 

CAB-XL Pipe,  1.25" I. D. M-1365 Webril Separator 
5 l aye r s ,  0.004" each 

Case Connection t 

rod with 4 ver t i ca l  
1 /811 x 1 /8" flutes.  

re  Collector 

- Mg Anode, 1 / 2" dia .  

Cathode Mix, 0. 35" thick x 
5" long 

FORM FM-100 

Figure  3 



BOBBIN CELL NO. B-4 

Exmet Mg wrapped with 
5 layers  of M-1365  Webril, 
0. 004" each. 

Exmet Mg Anode, 18" 
long, rolled to 13/16" 
dia. cylinder. 

Cathode Mix, 0.32" thick 
x 6" long. 

FORM FM-100 
Figure 4 



B-6 

BOBBIN CELL NO. B-5  

M-1365 Webril Separator, 
5 layers ,  0. 004" each. CAB-XL Pipe, 1 . 9 "  I. 

xmet Mg Anode, 18' 
long, rolled to 1 .  12" 
dia. with 14 turns. 

MPR rolled with Mg 
Exmet.  

Case Connection 

Cathode Mix, 0.37" thick 
x 5" long. 

FORM FM-100 
Figure 5 
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.. 
BOBBIN CELL NO. B-6 

7 r CAB-XL Pipe, 1.9" 

M- 136 5 Webril Separator,  
5 layers ,  0. 004" each. 

Case Connection 

cylinder 1.31" dia. , 
with 20 turns. 

Cathode Mix, 0.27'' thick 
x 5" long. 

FORM FM-100 

Figure 6 
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BOBBIN CELL NO. B-7 

CAB-XL Pipe, 1.9" I. D. 

M g  Exmet Anode, 
5 - 3 / 8" circumference 
with 2 0  1/4" dia. holes 5 l aye r s ,  0.004" each. 

M - 136 5 Webril Separato 

M g  Exmet Anode, Cathode Mix, 0.24" 
5-1 /8" circumference 
with 20 1/4" dia. holes 

thick x 5.25" long 

M g  Exmet Anode, 
4-1  5 1  16" circumference 
with 20 1/4"  dia. holes long, rolled in 3 turns  to an  

O.D. of 1.01", with 20 1/4" 
dia. holes . 

- Mg Exmet  Anode, 8-7/8" 

Figure 7 
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Separator ,  

. 02" thick 
M-136 5, W 

BOBBIN CELL NO. B-15 

( thru  present)  

CAB-XL Pipe  Case /--- 2 . 4 "  0. D. x 1 .  9" I. D. 
/ I Conduc tive) 

Cathode Mix 
\\ IWI 0 .  3" annular 

\-----Anode, Vert: 
1. 25" 0. D. 

i 

r ing 

.cal finnet 

FORM FM-100 
Figure 8 
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2. BOBBIN CELL CONSTRUCTION 

A variety of designs were  t r ied  i n  the ea r ly  s tages  until one suitable for  mos t  
of the experimental work of Task I was  devised. Upon completion of the f i r s t  
task, "Task II, Design" was ca r r i ed  to  conclusion. In this, a self-contained 
ammonia cell i n  full hardware,  excluding activator,  was designed. 

2.1. Task I, Experimental  Cells 

All of these cells had open tops. 
The cell  assembly is shown in  Figure 9, page 43; the anode design, in  Figure 
10, page 44; and a cross-sectional view, in  Figure 8 of Appendix B, page B-9. 
The construction s teps  follow in sequence: 

Some were  full-length; some, half-length. 

1. 

2. 

3 .  

4. 

5. 

6 .  

Five (5)  layers  of M-1365 Webril separa tor  paper a r e  wrapped around a 
1-1/4 inch diameter  mandrel.  The paper is  folded over a t  the bottom to 
form a cylindrical cup, and all s eams  a r e  sealed with acetone. 

The anode is fabricated as shown in  Figure 10, page 44. 

A metal  plug is p res sed  into a bottom of the plast ic  case.  

The separator  cup with mandrel  in place is  placed in the center  of the case ,  
and the cathode mixture  is  packed between the separa tor  and the wall of the 
case  in ten increments  with a piston which fits the annular space.  
increment is packed to occupy 1/10 of the total cathode depth. 

Each 

The mandrel is then removed f rom the separa tor  cup and is replaced by 
the anode with i t s  negative connection. 

The positive connection is  made by soldering a wi re  to severa l  adjustable 
bands attached to the outside of the conductive plastic case.  
a r e  used on full-sized cel ls ;  four, on the half-sized ones. 

Seven clamps 

2 . 2 .  Task 11, Design 

This cell,  a refined vers ion of the experimental  cell  with a top as well as a 
bottom closure, is detailed in  drawings B-1227, B-1228, A-1238, and A-1239 
which a r e  supplemented with a Parts and Mate r i a l s  Lis t .  
follow this construction procedure.  
parentheses  where appropriate.  
assembled i n  the following sequence: 

These i l lustrat ions 
The p a r t s  numbers  will be shown i n  

After all p a r t s  have been made,  they a r e  
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1. The bottom meta l  plug (3) (silicone pr imed)  is pressed  into position in  
the plastic case  (l), and disc (19) is inser ted.  

2. The hole in  the bottom plug is stoppered, and then a silicone encapsulant 
(18) is  poured onto the plug to  a depth of 1 /4  inch. 
period, the stopper is removed. 

After a 16 hour curing 

3 .  Five layers  of M-1365 Webril separator  paper (8) a r e  wrapped around a 
1-1/4 inch diameter a rbo r  and sealed with acetone. In the bottom end, a 
polypropylene disc (15) and a microporous rubber disc (16) a r e  inserted.  
Then, the separator  is folded over at the bottom and sealed, af ter  which 
a second disc (15) is placed over the end. This separator  cup with a rbor  
in  place is  inser ted in  the case.  

4. The cathode mixture (7)  is  packed between the separator  and the case  in  
ten increments  with a hollow cylindrical piston. 
to  occupy 1/10 of the total cathode length. 

Each increment is packed 

5. The a rbor  is replaced by the anode ( 6 ) ,  the bottom 1/4 inch diameter 
extension of which i s  insulated with a nylon sleve (17). 

6 .  A 1/4 inch layer  of silicone rubber (14) is poured on top of the cathode 
mix and is  allowed to cure .  

7.  This i s  followed by a polypropylene spacer  ring (1 3) . 

8. The top plug (2) ,  with an insulating disc (12), is pressed  into place. 

9 .  Hose clamps (10) a r e  then placed on the case  and tightened. 
help to hold the plugs i n  place. The others,  to which a s i lver  w i re  (11) has 
been soldered, s e rve  as cur ren t  collectors. 

The end ones 

10. A stainless steel  male  half union (5) for the electrolyte f i l l  por t  and a nylon 
m a l e  half union (4) to insulate the extension of the anode f rom the metal  
plug and case  a r e  then inser ted and tightened. 

11. The finished cell is carefully tested for leaks under pressure .  
leaks,  i t  is ready for activation. 

If f r ee  f rom 
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